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The Rascol Weapon System

The Rascal (B-63) Weapon System s an air-
borne instrument of combat designed "To provide
strategic bomber aircraft with anincreasedcapability
for attacking and deastroying heavily defended strategic
targets,*  Principal elements are: () the B-63
pilotless bomber, (2) the director alrcraft, @)
sapport equipment, and {4) training alds.

The B-63 is a Ket-p

Duriag the gyro-stabilized midcourse portion
of the flight, a rang P inertial
system the traveled nnd causes
the PPB to enter the terminal dive automatically.
During the terminal portion of the flight, a radar
relay and command system enables the guidance
operator in the director aircraft to send course
correction signals to Insure a strike within the

quired accuracy.

air-to-surface pilotless parasite bomber. Welghlng
18,500 pounds, it carries a 3000-pound warhead at
speedulnexceau of Mach 1.0, withmaximum in excess
of Mach 2.0. It has a range of 90 nautical miles,
and an , based on 75. tical-mile range, so
that 50 percent of the pllotiess parasite bombers
shall have a burst strike within 1500 feetof a vertical
line through the target and within plus or minus
405 feet M.S.L, of a predetermined altitude. Prin-
clpal dimensions of the B-63 are: leagth, 32 feet;

, 4 feet, and span, 17

feet.

A rocket power plant using white fuaing nitric
acid and gasoline propellants supplies 12,000 pounds
thrust for a short period to accelerate the pilotless

ite bomber to velocity during its
clmb to altitude. For the remainder of the flight, a
smaller sustalning thrust of 4000 pounds 1s used to
maintain supersonic speeds.

* "Military Characteristics for a Pilotless Parasite
Bomber", SAB-51-B1, 14 December 1951, Direc-
torate of Requirements Hq. USAF; and "Develop-
ment Directive” No. 0027-Al, 4 February 1952,
ARDC.

The D-38 strategic bomber has been deaignated
the first priority director aircraft, followed by B-47
and B-52 bomber aircraft in this order. For the
present, only B-38's and B-47's will be considered.
For research and development testing, B-50's will
be used as director aircraft.

In & typlcal the atrcraft,
using a standard navigation/bombing radar system,
proceeds to a predetermined launch point, Imme-
diately prior to launcl, Information regarding air-
craft velocity and range to target is fed into the PPB
and gerves as initlal condition data for its non-
emanating inertial guidance system. The mlssile
is under control of this gravity-referenced system
during the midcourse phase of the flight. At a pre-
determined range from target, the missile's inertial
system cauges it to assume a 30° terminal dive.
During the dive, an unattended search radar in the
nose oi the missile {llumisates the target, and the
radar return is relayed from the missile to the
director alrceaft where it is donan indicat
An operstor tracksthe miselie's ﬂlcht to target, md,
by sending guldance commands to the missile, mases
slight corrections to the dive path to assure a strike
within the required accuracy.
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A. Historical Summary

The Rascal project was initiated by the Alr
Materiel Command, USAF, on 29 April 1948, as a
study prog for the tl a alr-
to-surface pilotless parasite bomber to be launched
from bombardment alrcraft. This program was
later amended to Include a supersonic pilotless
p ite bomber; y the sub phase was
dropyed.

In January 1948, Project MX-776 was divided
into two concurrent programa:

MX-T776A (Shrike) - Design, develop-
ment, and fabrication were started on the
Shrike missile, a supersonic Rascal test
vehicle with a 50-mile range and load-
cirrying provisions for warheads up to
2000

MX-776B (Rascal) - Work fnitlated in
1946 on the development of a radar-relay
guldance scheme for Rescal was con-
tinued. A simulated director and pilot-
less parasite bomber flying team, uti-
lzing two B-17 alrcraft, was equipped
with an experimental Rascal guidance
system. Reflecting the test results from
this phase of the program, an improved
system for installation in 2 B-17/F-80
(simulating a director and missile com-
bination) 2ircraft was developed. This

system, with certain refinements, is now
being flight-tested in XB-63 pilotless
parasite bombers.

In the Spring of 1950, Air Materiel Command
authorized Bell Aircraft to proceed with the detail
and of 1

The Rascal/Shrike program was subsequently
acceterated in August 1950. In December 1951, the
Alr Force aanounced that the production Rascal PPB
would be designated the B-63; early R & D missiles
would be called XB-63's.

In February 1952, the Rascal program was
again reoriented to attain a B-63 for use by the
military in 1955. This B-63 will be as proposed in
the Bell Atrcraft feasibility proposal, dated 10 Jan-
uary 1952, and shall be capable of being launched
from a DB-36 alrplane.

Tho MX-776 program passed a major milestone
in September 1952 when the first X3-63 pilotless
parasite bomber was released from a DB-50 director
alrcraft to fly under its own power. In January 1953,
the Shrike flight-test program, which included 31

los, was fully d. The
gained from *uls program s now being applied to the
XB-63. By the endol 1953, twoglide and four powered
XB-63's had been launchad; the last had full guidance
equipment,
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B. Project Status Summary

THE FIRST OBJECTIVE OF PROJECT MX-T76
IS A WEAPON SYSTEM CONSISTING OF A B-€3
PILOTLESS PARASITE BOMBER (PPB) CARRIED
AND DIRECTED BY A DB-36 DIRECTORAIRCRAFT.
THE PPB EMPLOYS AN INERTIAL RANGE COM-
PUTER, AN X-BAND TERMINAL GUIDANCE SYS-
TEM, AND ASSOCIATED EQUIPMENT. LATER IN
THE PROGRAM A DB-47 AIRCRAFT WILL BE USED,
EARLY IN 1952, A COMPLETELY NONEMANATING
GUIDANCE SYSTEM WAS ESTABLISHED AS A BASIC
ULTIMATE REQUIREMENT FOR THE PPB. THIS
REQUIREMENT WILL BE SATISFIED UNDER LATSR
PROGRAM OBJECTIVES. A CHEMICAL WARHEAD
CAPABILITY AND AKy-BANDSEARCH RADARWILL
BE DOVETAILED INTO THE WEAPON SYSTEM,

Development stuaies are under way in an
effort to simplify the XB.63 servopilot system by
eliminating the roll-rate gyro from the roll system
and the g-limiting accelerometers from the pitch and
yaw systems.

Environmental testing of the PPD servo mock=
up No. 2 has been completed with excellent results.
Tho tests conducted in this quarter included five
degree-of-freedom runs at p e8
+160°F and higher, The feasibility of converting this
mock-up to conform with Model S6F missiles &3
Leing studied.

Init{al temperature and vibration testsonproto-
type series "C" servo valves have indicated that it
may be advantageous to replace the present servo
valves with the serles "C" valves, These valves
feature a Bell-desi h which effy 1
igolates the magnetic circuit from the flow of ﬂuld
from the nozzles, thereby eliminating magnetic dirt
particles that ordinarily cause failures in flapper-
type valves,

A Staff Officer's Orientation course on Project
MX-776 was started. Instruction covered the opera-
tion of the Weapon System and component parts,
Clagsroom Demonstrators for the PPB and director
atreraft have been conipleted and are being used in
the Orient This prog began at
Bell Aircraft on 12 Ju'; 1954 and will continue until
22 October 1954, After this date, the demonstrators
will be used by the Bell Afrcraft Serviceard Training
Section as training alds in the Tralning Program at
Lowry and Chanute Alr Force Pases. Thebreadboard

model of the Ball-designed Optical Radar Simulator
has been used to demonstrate the "blowup” of the
target radar picture during the terminal dive of the
XB-63, Procurement specifications for this unit,
which contains computer-controlled mapdrives, mov~
able cursors, and 2 superior optical system, have
been leted and initial witha qualified
optical subcontractor have taken place.

Phase [Iof a plastic materials study was started,
comprising the investigation and design of the aft
wing and other selected portions of the B-83airframe
from fibrous glass laminated prastic materials.

‘The test p was ful
completed at Eglin Air Force Base. In this program
XB-63 No. 18 was subjected to Rain, Temperature,
Humldity, Salt Spray, Sand and Dust, and Solar

to the tal lmits of
internal components of the XB-63 when various ex-
ternal environments were imposed. The primary
objective was to obtain information to be used in
establishing climatic end limits for qualification
testing missile components. The secondary purpose
was to observe missile performance under extreme
climatic conditfon.

Design of the prototype, Radar Guidance Opera-
tor Trainer RGOT, (DB-47version) is complete except
for the permanent-type shipping crates. Designof a
DB-36 station for use with the RGOT hasbeen started
and will be completed in time to allow manufacture
of this unit by August 1955 (laitiation of guidance
operator training),

Changes in telemetering instrumentation were
mada on all of the remaining Model 56B PPE's
through No. 28 T‘neue changes consisted of adding

1s to the power plant
instrumentation to obmn inforiaation on chamber
pressures, fuel pressures, and oxidizer-pump dis-
charge pressures. Provisions were also made to
telemeter rocket firing, and turbine-arming and
{iring-switch actions. To provide for the continous-
channel telemetering of these items, some of the
less critical data were removed from continuous
channels and fed to & commutator, The entire four-
channel telemetering system scheduled to be used in
PPB's 46 through 64 has been reviewed to conform
with changes in {light planning. Telsmetering of the
warhead fuzing system and a monitoring ctreuit for
the crystat current of the USR were added, The
matching network for instrumenting the PPB for
impact data has been completed and the inftial
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have been 1pl d. This will
provide for the monitoring of data from the MC-300
fuzes in all PPB's cquipped with the 16-channel tele-
metaring system.

Design revist are nearly p for the
nese and aft body of the F-83C airplane which will be
used to simulate the XB-63 in flight, An

bilized autcmatic tracking relay antenna system
{SATRAS) and a high power unattended search radar
{USR) system. A preliminary design of an IBDA
marker unit has been completed and Is readyfor final
packaging. ’l‘hls unit wﬂl provtde range marks ona
plan it4 the d of
the mlssue lmm the m-ge!. Fabﬂcaﬂon of SATRAS

report covering the maior structural changes to this
aircraft is being prepared for submittal to WADC
during the next quarter.

More than one-thousand simulated B-63 flights
have been made to determine the combined effects of
ridcourse errors, terminal guidance errors, and
delayed target recognition on the dispersion of ground
burst agalnst ideal point.targets. The resulting data
fadicated that for each given condition of weight,
velocity, and target r ition, it was {bl

ly with the flight
svaluation nf the laboratory model ¢f the stabilized
version of the relay antenna system  Spectrum
difficulties during hlgh-power operation of the USR
system have been { The pulse tranaf is
belng redesigned tn increase rise time of the modu-
lating pulse and thereby eltminate thia difficulty.

h for 1 the t of
the lnerud guidance compartment in the ultimate
weapon system has been finalized. Also for the

establish, In a horizontal plane at 60,000 feet, an
arex of terminal dive initlatlons wherein the miss.
distance was [ess than 1500 feet,

Itimate weapon system, Inttfal-condition data for
three largets can be set intc memory circuita be-
Jore take-olt, thereby allowing an operator to choose
2 target during the prelaunch period by adjusting a
selector switch, A lhree-axls hydraulic test tatle

Tke Boeing Alirplane C hag

for g the of the mul inertial

the and tests

DB-417, serfal No. 51-5219, and 2 simulated pilotless
parasite bomber, On 3 September 1954, the DB-47
and the simulated PPB were transferred to Edwards
Alr Force Base wherc extensive flight tests are to be
conducted. Since this DR-47 is structurally equipped
to launch PPB's it will be used to drop the simulated
missile after the Alr Force flight evaluation is com-
plete. The DB-47 is scheduled fordeliveryto Boeing,
Wichita, early in January 1955 for Installation of
Rascal guidance equipment.

The first aet of Model 110 guidance system
components abricated by Bell Atrcrait was installed
by Convair in the DB-36 director airplane, serial
No. 515710, The second set of Model 11§ guidance
components was installed by Boeing fin the DB.47
afrplane, serlal No. 52-5220. A set of Mode) 110
components was delivered to Convalr late in July
1954 for installation in the second DB-36, serial
No. 51.5706.

Studles to improve the performance and re-
Habillty characteristics of the Rascal guidance system
have met moderate success. These studies include
an Indirect bomd damage assessment (IBDA), 2 ata-

guld. syu(em was put in operation in all three
2xes.

Owing 10 wiexplainable power plant malfunctiuns
subsequent to the launching of PPB's No, 1016 and
1117, these missiles became inoperative she.tly after
1.6 seconds. None of the flight objectives were
satiafied,

A neries of captive flights was run on XB-63
Nos. 19, 21, 22, and 24, Theae tests progressed to a
point where of all wa3
satisfactory. Operailon of PPB No, 22 was considered
very geod oa its first captive flight and it was con-
sidered rcady for a launching, PPB Nos. 19 and 21
were modifted for afree-droplaunch and
hot tirligs were scheduled for early October 1954,

At HADC, ap (%] lish ibil
between Model 56F mluﬂes and DB-36/D3.47direc-
tor afrcraft is being conducted, Bothtypesof ajrcraft
and PPB No. 48, to be used inthis "mating" program,
ware delivered to HADC. [Preliminary inspecticn
work, incorporation of service kits, and functionai
checks have been made on director aircrait and
missile equipment,
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STATUS OF XB-63's, 30 SEPTEMBER 1954

AR- PURPOSE PRODUCTION SYorrus ?o%u'rll'z:‘r'l‘o‘l fliohr | DATE
FRANE TESTING AND_RETEST | TESTING | EXPENDED
01 | MOCK-UP POWER PLANT AT _AF PLANT 33 FOR POWER PLANT DEVELOPMENT —
02 | MOCK-UP__AUTOPILOT A. WHEATFIELD FOR_SERVO DEVELOPMENT [—

03 | STATIC TEST/ SINULATZO PPB MODIFIED TO SINULATED PPB — FOR 08-47

04 | GLIDE TEST 95
05 | Gtior TEST 1281
07 | HIGH-PRESSURE POWERED FLIGHT Y22
63 | INTERE. TESTS/PP ATTITUOE TESTS| AF PL " .8 FOR POWER PLANT TESTS | amuem
09 | HIGH-PRESESURE POWERED FLIGHT | =33
10| HICH-FRESSURE FPOWEREO FLIGHY 383
18 | GUIDED FLIGHT - P ENGINE 10-53
13 | GUIDED FLIGHT - P ENGINE 1-84
11| STAB. FLIGHT -AEROJET PUNP PP 354
12| STAB. FLIGHT -AEROJET PUNP KP 826
14 | STAB FLIGNT ~AEROJET PUMP PP 6-04
16| GUIDED FLIGHT-ACROJET PUNP PR T84
17 | GUIDED FLIGHT-AEROJET PUMP 2P 954
18 | ENVIRONMENTAL TEST ARTICLE 954
IS | GUIDED FLIGHT-AEROJET PUMP PP

20 | GUIDED FLIGHT - BELL PUMP RP

20| GUIDED FLIGHT - AEROJET PUKP PR

22 | GUIDED FLIGHT- AEROJEY PUNP PP

23 | GUIDED FLIGHT - AEROJET PUNP PP

24 | GUIDED FUGHT-AEROJEY PUN? PP

25 | GUIDED FLIGHT~AEROJET PUNP PP

26 | GUIDED FLIGHT -ALROJET PUMP PP

27 | GUIDED FLIGHT -AEROSET PUNP PR

28 | GUIDED FLIGHT = ATROJET PUMP PR

29 | Xu-BAND GROUND TEST IN_ MODIFICATION

30 |2 point_faee_orow

31 ] 2 PoINT FREC  OROP

32 | 2 POINT FREE  OROP

33 | 2 POINT FREE  DROP

34 | 2 poINt FREE  oROP

33 | 2 POINYT FREE  OROP

36 | INTERFERENCE TESTS/FLISHT TEST

37 | TECH COMP. TESTS/FLIGHT TEST

58 | DB-36/ 0B-47 CHECKOUT AT HATC AY HADG FOR DB-38/D8+47 CAPTIVE F/T

39 | FLIGNT TEST

SECRET
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C. Facilities “
1. GENERAL (%) Design xnd fabrication of training aids, ”
Varfous facilities are operated by Bell Atreraft €) Training of Atr Force personne) and an XB-63 f !
Corporation in developing, manufacturing, and testing Training Program.
the Rascal Weapon Sysiem. Principal activities and
locations are: r s devel , and research 2. Wheatfield Plant ; }
fiight-teatiag at Bell Alrcraft's Wheatffeld Plant near
Niagara Falls, New York; rocket engine anq B-83 The Bell Afrcraft facility at Wheatfleld, New
systems testing at ntarby AF Plant No, 38; and fina} York, Figure £, {s the nerve-center of the MX-776
{light testing of the Rascal weapon at Holloman Afr Program. This plant with 18 engineering and many- i
Development Center, New Mexico. facturing auxiliaries fuitills the requirements for
both developing and producing \nits of the Rasca)
2. FACILITIES IN THE NIAGARA FRONTIER Weapon System. The Wheatfleld Plant i located ”
adjacent to the Niagara Falls Municipal Airport
Rascal weapon activities at Bell Alrcraft facilities where extensive development flight-testing is con
in the Niagara Frontier are include: ducted, H
(1) Design and I of Rascal miss) Rocket research and development i3 centered
at the Wheatffeld rocket teat facility where 13 test .
2) Design and fabrication of equipment for, and cells and associated control TOoOmS are in use, Data 1
the modification of R&D and trainer aireraft, {rom these test cells are recorded in 2 centrally
located instrumentation ro0m.
(3 Destgn and fabry of guid 4 I
for operational director afrcraft, b, Mm
(4) Design and manufacture of ground support Afr Force Plant No, 38, a major testing facility
¢ equipment, operated by Bell Aircratt, is located approximately ”
i 12 miles from Bell Aircraft's Wheattield Plant, This >

teat avea, formerly used for the manufacturs and
storage of TNT during World War 10, s used for
testing pilotfess parasite bombers, rocket power
plants, and component parts. The plant consists of
58 earth-covered concrete igloos, test celle, offices,
Tallroxd sldires, surfaced rosds, power lines, and
various supporting instailations. It exists chiefly for
the productfon acceptance testing of XB-g§3 power
plants, and for checking the various syatems of
XB-63's before they are shipped to Holloman Atr
Development Center, Atr Force Plant No, 38 is
2150 used as 4, Proving ground for Rascal ground
handling equipment,

fatanndi e O
—— — e L

During this quarter, severa) construction actt~
vitles were undertaken or completed at AF Plant No,
38 in support of Project MX.778,

fank, Flsure 2, 1s continuing and should be completed
in the next quirter. This tank will be fillad contfe
nuously to ensure a two-day supply of water, and to

permit peak loads to be drawn by the §00-zpm pumps
Figure 1, Bell Atrcraft Plant at Wheattield, New York already Listalled. The revised water distribution
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syatep~ provides loops In the water lineg so that
pressire losses are d

the loops will allow sections of the line to be shut off
without 21!ecting supply to other test cells,

An addition to teat cell E-3, Figurs 3, is under
construction. A new observation and control room
with an additional cell for thrust chamber firing will
double the testing capecity of thi. area.

A new quonset cell is being erected at the E-7
test area as shown in Figure 4. Thia cell will be
used for development testing and evaluating the Bell-
destgned turbine pump for XB-63 missiles,

Contracts have been awarded and work will soon
be started on a 34.5-kv electrical substation. This
substation will provids a more complete distribution
and balance of eiectrical power in the test area.

Contracts have alao been awarded for con-
structing additional tankage and pumping facilities
for the acid storage area. This willdouble the present
acld storage facilities.

Drawings are 80 percent complete for the 100
bottle central nitrogen storage system, including piping
necessary to carry nitrogen from the main cascade
to each of the test cells. This aystem will ensure an
adequatc supply of nitrogen at each test unit. The
nitrogen bottles have already been delivered for this
new storage system,

Figure 2. New Reservoir Tank, AF Plant No. 38

3. HOLLOMAN AIR DEVELOPMENT CENTER
Flnal ﬂlght te!tlng of tha Rascal %B-63 is being

Center
(HADC), New Mexlco. Captlve flights of pilotiess
testing and
¥ith DB-50 and EF-80 ﬂrcra!t, and flights to tamﬂ-
farize Afr Force 1 with varl p

weapon system are also conducted here.

Figure 4, New Quonset Hut ot E-7 Test Area,
AF Plaat No. 38
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Laboratory, shop, warehouse, and missile assem-
bling and servicing facllittes are avaitable at HADC.
Askania cinetheodolites and a mobile relay tele-

station are for in-flight
tation coverage. Instrumentation data from scheduled
test flights are reduced and forwardsd todevelopment
groups at the Wheatfield Plant so that pertinent data
which may aifect design, performance, reliability,
and safety of the weapon systern are integrated into
the development program.

To permit the testing of four XB-63's per month,
18 test positions (stations) are required. Of the six
fixed test positions plinned for HADC, five are in-
stalled and in use, Instaliation of the sixth station is
under way. The R&D mobile checkout uxit, located
opposite Station "J" in the main laboratory, is being

used to check out XB-63 No, 4f during Phase Il of the
Interference Test Program.

Facilities for the K-system bench test set in the
main laboratory area have been completed and are in
use.

The facilities required at HADC by Convair and
Boelng for their portion of Project MX-776 have been
completed,

To augment the storage facilities in Building 823,
an additional 4800 square feet of area has been
allocated to Pell Afrcraft by the Air Force, With the
installation of bins and cribs to factlitate systematic
storage of parts, work at this new area is now
complete,
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A. Servo

1. GENERAL

Following early design studies that inciuded the
experience gained {rom the Shrike program, labora-
tory development of the autopllot system for the
B.63 PPB wa3 put on a full-scale basia in Januazy of
1051. In September of that same year, the first
XB-63 PPB was delivered to HADC for fiight testing.

The first autopllot systems for XB-63's 0307,
0409, and 0510 were very similar to that used in the
Model 59 Shrike missiles. The design of the autopilot
for subsequent XB-63's, however, showeda significant
{ncrease in complexity, when such capabilities as
aecsleratl A

'3 100p tie-in, antenna
stabilization, and altitude control were added, These
features are included in the basic model *'B" and "D"
configurations that include PPE's Nos, 1 through 35,
The reodel "F* configuration, 48 through 78, is further
modified to accommodate the single-axis inertial guld-
ance system that was designed to meet the require-
ments of the Objectives 1 and I Weapon Systoms.*

e e

* B.63 Objective 1 Weapon System consists of B-83

pilotless parasite bombers incorporating non-

tl d and ting X-band ter~

minal guidance, atomic warhead, and DB-47 director

atreraft; Objective O uttlizes DB-38 director alr~
craft,

With the development of this basic autopilot system,
major emphasis has been shiftedto means of simplify-
{ng the product, improving reliability, andeliminating

desirable desigr. tics. This program 1s
well under way and proceeding satiatactorily. Con-
current with autopiiot development, & series of ter~
minal guidance control studies were undsrtaken, and
these contributed significantly to the over-all design
of the autopilot system. These studies are now
concerned with deaign changes to Increase the target
acquisition capabilities of the PPB under extremely
adverse conditions.

The two main sorvo systems of the B+63 are the
servopilot and the anteans atabilization systems.
These systems utilize electronic amplifiers, an azl-

muth puter, pol y hy lc valves,
actustors, & elngle-axis stabilized platform, and
fated hydraull bing and electrical wiring.

The power -‘;pply is ‘common to koth systems.

The servopilol stabilizes the B-83 about its three
axes: longitudinal (roll), lateral (pitch), and vertical
(yaw). The roll system maintalns the lateral axis of
the PPB horlzontal theoughout its flight. During
port’ons of the flight, the pitch and yaw systeras Are
programmed xnd receive radar-relay commands {see
Section C, Guldance) which direct the PPB to the
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The 2ntenna stabilization system performs three
" 1 ins the searchantennah ot

about the roll axis only with respect to the earth's
horizon (since the search antenna 18 fixed to the air-
frame, the roll servo maintains it in 2 horizontal
position); (3) malntains the rotating search antenna
at & corstant angular velocity in space; {3) orlents
the relay antenns in pltch so that its major lobe i8
directed toward the director aircraft.

Pitch and Yaw Systems - Redesign work on the
pitch and yaw systems has tsmporarily been post-
poned. It i planned to resurme these studies after re-
design on the roll aystem has been completed.

The circuit design of atransistorized preampiifier,
for multiaxis platform application (see BMPR No. 38,
p. 34), has been completed. Present plans call for the
bullding of three prototype units; one for use in the

! f and the other units for evaluation

The prog: to 1als for pr
coating of electronic circuitry is nearing completion.

silicone phenolic resin (Dow Corning XR87S) is a
sultable coating material. An amplifier coated with
this material passed 2 S§0-hour galt fog test per
specification QQM-151. It was aleo found that a
silicone rubber (Dow Corning RTU Silastic X-5302-¢)

purposes. Silicon transistors have been received and
evaluation of these units, in the preamplificr design,
is planned. The use of transistors in other parts of
the Rascal program is aleo belng dered

Starting with PPB No. 75, the pitch and yaw

and an Epoxy resin (Shell EPON 836) are bl
matecials for potting purposes.

Evaluation tests have been completed on a power
supply which was modified for high-altitude opera-
tion. ‘The unit w. - tested successfully up toa
simulated altitude of 80,000 feet. Test results indi-

were to be replaced with core-

mand servos. The primary reason for choosingcom=
mand servos was to provide a drift-free memory
function in the commaad loop. However, recent
ts have significantly im d "

avallable for the memory clrcul.{ in the command

cato that the changes will prevent voltage breaxd
at the altitudes in which the component must operate.

Progress on theIne rtial Guidanco System, formerly
presented hare, 1s reported in Section C, Guidance.

2. SERVOPILOT SYSTEM

Development studles, bench and computer evalua-
tions, and fabrication of breadboard models of R&D
equipment are continuing in an effort to simplify the
contro} systems. As & U2 and materisls savinge
device, existing components arebeing modifted, where
practical, to conform with circultry changes. This
step eliminates the necessity for fabricating com-
pletely new braadboard models. The major objectives
of this simplification program are the elimination of
the rollerate grro {rom the Toll system and the g-
itmiting accelerometers f{rom the pltch‘ and y‘::dv

l;mplllymg clrc;kryraro also b-e!u considered.
Progress on the ndividual control systems is 28
follows:

Roll Systom - A system has been developed which
does not include a roll-rate gyroand is satisfactory
from & stabiiity and performance polnt of view.

package (see BMPR No. 317, p. 23). The use of these

ts has produced a system which 1s satis-
factory. Plans for using the more expensive command
servo design have, therefore, been cancelled and an
improved versica of the present command modulators
will be incorporated in No. 75 and subsequeat PPB's.

During this quarter, (wo high-temperature testson
gllotless parasite boraber mock-up No. 02 gave ex-
cellent results, These tests included five-degree-of-
freedom ccmputer runs at temperatures of +160°F cr
higher. This completes the environmental tests
planned for No. 02. A study is now being mude to
determine the feastbility of convertizg this mock-up
to conform with the configuration of Model serF
missiles.

Additional temperaturetestson the hydraulic mock-
up for Model S56F missiles have indicated thata greatly
simplified system for circulating waria ofl prior to
Isunch is possible. The simplified systom eliminztes
the use of the Tatd Q . fons are
now being made.,

An altitude control system for No. 46 and subse~
quent PPD's has been completed and evaluated.
Principal difficulties that were overcome included the
effect of vibration on the output of the aititude

This system is currently being ted in 2n
XB-63 alrframe to determine the effects of me-

iler, Jrom & noise standpoint, and the control
of maneuvering g's durug the transition from cliab
to level flight.
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3. ANTENNA STABILIZATION SYSTEMS (X3-63)

a. Unattended Search Radar (USR) Anterna

Development of the hydraulic spin.drive system
for the antenna of the USR for No. 75 and subsequent
PPB's is proceeding satisfactorily. The major em«
phasis, at the present time, is to improve the sta-
bility margin of this system.

Although redesign of the K;-band system has
temporaruy been postponed, work to date indicates
that ing of some may
be necessary; no mechanical or hydrauuc modifica=
tions are needed, Development of the Ky -band system
will be resumed after X-band development has been
completed.

b. Antenna Pitch Stabilization Systems

A study on the error analysis of the relay
antenna positioning system has been completed and
the results have been published. A similar report
on the pitch stabitization of the B-63 search antenny
will be completed during the next quarter.

4. SERVO VALVES

Prototypes of the series ''C"* servovalveshavebesn
d to lhaited ¢ and tests
and then used in several “aboratory"” systems. The
results of both tests and operations indicate that it
would b¢ advantageous to replace the present servo
valves with the series “C" valves. Although these
valves are intended for use stariing with airframe
No. 125, it now appears that earlier Ilight testing wiil
be possible. At the present time, the 8V-¢C, SV-1C,
$V.9C, ard SV-11C valves are in limited production
and will be used for R&D purposes.

Shown in Figure 5 1s an 8V-6C valve which {s the
same in size and appearance as the 8V-9C. Figure
G 1s 2 schematic cross-section of 2"'C" valve showing
the method of construction. Notetheapplicationof the
disphragm in the first stzge. Thisdiaphragm initially
developed by Bell Aircrait for the commercu! appli-
cation of servo valves, eff: th
efrcult from the flow of fluld from the noulen In
this manner, magnetic dirt particles, a cause of
fallure in flapper-type valves, cro eliminated, Other
features are the all-steel spool, the insert, the spring
and spacing adjuster assembly, and the floating fit of
the nsert In the aluminum alloy body, all of which
are designed to in valve charace

teristics brought aboit by changes in operating

Figure 5. 8V-6C Servo Vaive

5. TERMINAL GUIDANCE CONTROL

A second report on terminal guidapce studies has
been completed. This report outlines the uee of
h in the id phase

of the B-63 weapon system. Presentterminal guidance
studies include the evaluation of design changes which

can further the targct faitl pabllities
of the B-683.
6. AUTOPILOT FOR OBJECTIVE V*

Pr of the lot for the

Ob]ecuvo v B-OS Wnporn Sytiem has been completed

. temperatures. Typical flow characteristics and * Objectivo V ll . complcu B-83 ‘l"npen Symm
{requency response curves lor the SV-9C valve are incor
shown in Figures 7 and 8. system.
B E l. W conrenaTIOn
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and analogue computer studics on the integ of 3 ”
f the mul irertial gul 2ad servop! st H
are Comp tudi ecurrentlyaimed
at a more lete e of the f the o /
proposed system and its tle-in with certain naviga- <
tional aids. A il e t work B
and detailed system design will be started {n the next \ A / -
quarter. P I l
£ :
7. ANTENNA SERVOS \ & s / % } :
Testing has been completed on the mock-up of the \ /
antenna stabitization system for the F-89C/simulated
PPB. of serve intheairplane
is expected to teke place early in the next quarter.
Some mincr design changes were made based on
| preliminary test results. \ / [ I
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Figure 7. Typical Flow Characteristics, SV-9C Valve
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B. Propulsion

OXIDIZER TANK

1. DESCRIPTION OF THE XB-63 POWER PLANT

The XB-63 is propelled to its target by a liquid
bipropellant rocket power plant which features two
levels of operation: the first is a boost phase of
12,000 pounds thrust to accelerate the PPB to super-
sonic speeds quickly, and the gecond isacruise phase
of 4000 pounds thrust to maintain the supersonic
speed reached during the boost phase, These two
phases of power plant oporation are obtained from
three 1d 1 thrust chambx The three
fire simultaneously during the boost phaase, then the
two outer chambers shut down andthe middle chamber
continues to fire during the cruise pnase.

In its present configiration, each chamber 1e rated
at 4000 pounds of thrust at an altitude ol 40,000 feet,
The nozzle of each ber is designed for let
gas expansion at 13,000 fcet. Speclﬂc impulse is
approximately 24! <conds at design altitude.

FUEL TANX

ROCKET ENGINE

The rocket engine is the principal subassembly of
the power plent and consists of three thoust chambers,
a turbine pump, lines and fittings, control vaives, and
a mounting bracket. The engine, wlghing 600 pounds,
is {itted atop the aft wing carry-through, and is en-
veloped by a boattall fairing,

White fuming nitric acid (WFNA c.ddlur) andavh.
tion fuel (JP-4)arethe 11ants. Igniti ted
by introducing & small quantity of h/drulna into the
thrust chamber with the oxidizer to form ahypergolic
(sel{-igniting) mixture. Combustion is maintained by
fuel following the hydrazine,

Propellants 2=s supplied to the thrust chambersby
& turbine purip driven by a Jas genomor. The qas
gen.rator is a small
on the same propellants as those usedby the misslle's
thrust chambers. In addition to satisfylng propeliant
flow demands, the turbine drives the alternator which

SN rrene e .
=
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supplies electrical power for the various subsystems
of the missile, and a pump which prevides hydraulle
pressurt to the servo system.

The propellants are contained in tanks that are
integral parts of tne airframe, Center-cf-gravity
control is d by ing the dual
tanks into compartments, and propellant expulsion is
accomplished through flexible cutlets. Because of
the mixture ratio of oxidizer to fuel, the oxidizer and
fuel tanks hold 615 and 295 gallons, respectively.
For tank p fon and valve tion, nitrogen
gas under high pressure is used. The gas is stored
1n tube bundies which conform te the lnner circum-
ference of the misslle, thus occupying minimum
space.

2. THRUST CHAMBER AND TURBINE PUMP IN-
STALLATION

a. At Bell Adrcraft Corporation

Defore rocket engines are flight-tested, fiight
approval tests are conducted. A formal flight ap-
proval program has been completed on the XLR-67-
BA-1 (85 L* thrust chambers and Aerojet turbine
pump) rocket engine. This included vibration and
environmental tests. One phase, the flight approvel
test of the turbine-pump start tank, was successfully
completed at Aerojet-General Corporation. A pre-
Hminary test report has been submitted to WADC,

An engine of the XLR-87-BA-5 configuration
was ysed to test the autocheck system (see Section C,
Guldance) which has been deaigned for the Model 56F
missiles, (The -5 engine incorporates 75 L* thrust
chambers and an Aerojet turbine pump.) The results
{ndicate that the phase of the autocheck system that
automatically sequences the power plant from “tur-
bine arm" to “turbine fire” is satisfactory. The -5
engine was also subjected to inf 1 envl 2l
fiight approval tests. The results of these firings
were satisfactory.

Testing of the XLR-67-BA-7 rocket engine
65 Le thrust chambers and RBcll Afrcraft turbine
pump) has been terminated. The reason is that this
engine, which was designated for usé in only one
miasile, would have required a let
and flight approval program prior to the final fiight
test. Although the cost of wuch a program for just
one riissile appears prohibitive, theteatinz completed
on the -7 engine 1s applicable almost in its entirety
to the XLR-67-BA-9 rocket engine (75 L* thrust
chambers and Bell Afrcraft turbine pump), and has
also d materially to the de of &
hypergolic (self-igniting) starting system on the gas
generator package.

The first -9 test engine has been assemblcd
and testing will be started ea:ly in the next quarier.
A metal mock-up of this engine was reviewed by Alr
Force [ 1 during 2 gl ng
inspection.

Various thermocouple units and a combustible
gs detector manufactured by Mine Sufety Appliance
were tested to determine the appiicabitity of these
heat- and fire-detecting units. As a result of these
tests, an Edlson continuous cabie was selected be-
causs of its satisfactory operation and ability to
cover a larger area per unit.

Missile No. 0914 was flight-tested on 22 June
1954, Satiafactory operation of the power plant was

fned for 158 Although the flight became
unstable during the last 26 seccnds of power plant
! had no bl

effects on engine performance.

Misslle No. 1016 was Jaunched on 27 July 1954
and No. 1117 on 9 August 1954. In both missiles a
malfunction of tho rocket engine occurred approxi-
mately 1.0 seconds after the fire signal. The cause
of the malfunction is ; however, it 18 b d
that & spurious electrical signal actusted the “mal-
function™ safety system.

In an effort to determine the cause of the
malfunction, XB-63 No. 21 was returned to Alr Force
Plant No. 3¢ where an extensive test program was
performed. Although the program was inconclusive
in determining the cause of the malfunctions, several
aecisions were made:

(1) For more completetelemetereddata, certain
rocket engine parameters will be more
th 21 d and \ +

monlto‘;ed during flight.

(2) The safety system for the thrust chambers
will be removed for flight testing, but the
safety system for the turbine pump will be
retained.

(3) Since the thrust chamber safety system will
be removed, launch and power plant opera-
tion will be the "ree-drcp lanyxrd launcii*,
A timer will initiate thrust chamber ignition
approximately 1.4 seconds after the PPB
leaves the launching rack.

b. At Aerojet-General

An Investigation on pump seals was undertaken
at Asrojet-General to detormine the amount of leakage
that could be ted, The prog d of

_— =
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startingturbine pumps In whichleakage was simulated
by introducing certain amounts of propeiiants into the

Three new aluminura injectors were drilled
to condorm to the crifice pattern of the 72-pair

turbine case housing, tests were ducted at sea
level and simulated altitudes.

The investigation indicated that the leakage rate
tolerable was two cubic centimeters per minute of
oxidizer, and zero fuel leakage. Aercjet ismaking an
effort to reduce oxidizer leakage to an amount less
than two cubic centimeters per minute. Two methods
are being tested: one involves the testing of a Kenna-
metal-on-Kennametal seal, and the other concernsthe
use of a double oxidizer seal.

3. COMPONENT DEVELOPMENT
2. 4000-Pound Thrust Chambers
(1) Injectors

The fabrication and testing of production-
type injectors for the 4000-pound-thrust chambers
was continued. Four 72-pair, stainless steel, im-
pinging showerhead injectors were tested and ac-
cepted for assembly into 75 L* thrust chambers.

The injector program during this quarter
also included tests on several experimental injector
configurations, valve-in-head tests, andthe evaluation
of annealing effects on an aluminum injector after
long-duration runs.

The drilling pattern of a stainless steel,
72-palr, impinging showerhead injector was modified
t> chtainthe same propellant-stream momenta charac-
teristics at a mixture ratio of 4.9 ag are normally
obtained with the stancard injector at a mixture ratlo
of 4.3. This modification was made by altering the
pressure drops through the propellant orifices. Oper-
ation of the injector was satisfactory and a peak
charasteristic cthaust velocity of 4990 ft/aec was
recorded at design mixture ratio. Additional evalua-
tion firings are scheduled.

Another stainless steel, 72-pair, impinging
showerhead injector was fire-tested in this quarter.
This configuration, which incorporates counterbored
oxidizer orifices, was modified to increase the pro-
pestant distribution across the face by rotating the
inner propellant streams 5° toward the centerline
and the outer streams $° away from the centerline,

The performance of this second stainless

steel 1nj . The first of these injectors
was modified to give a more symmetrical hydrautic
flow pattern into the of the oxid: crifices.
Flow tests with water showed that 2 more symmetri~
cal peripheral flow had been achieved, although a
slight misalignment had been induced in one-ouarter
of the oxidizer fets. On fire tests, little change in
performance was noted, however, nozzle bLurnout
occurred and this was attributed to the misalignment
of the impinging streams,

The second aluminum injector was drilled
to \{ 1y with the conf! of the 72
pair stainless steel injector. The results of fire
tests indicated unsatisfactory heat rejection rates
for the nozzle. This was attributed to a discrepancy
in the counterboring operation,

The third experimental aluminum injector
was then fabricated so that the length of the fuel
orifices was 75 percent of the length of fuel orifices
in the dard, steel Per-
formance was good - a combustion efficiency of 97
percent was obtained at rated conditions. However,
the nozzle heat rejection rate of 5 Btu/ln’-uc at
rated conditions was higher than average

An aluminum injector, specifically heat-
treated to the 61S-T8 condition prior to testing,
was fired in full runs to the
extent of local annealing that might occur. The
first 280-second run resulted in 2 13 percent de-
crease in the ultimate tensile strength in the region
of the fuel orifice exits; no decrease in strength or
hardness was observed at the periphery of the in-
jector. Although the accumulated time of firing was

ded to 1000 ds, no further changes were
observed.

A test aluminum injector was utilized to
determine the strength requirements for a test
Wanetl susted valveel

§
head. On bench tests, negligible defcr Ted
after 100 cycles of operation. However, on the shut-
down {ollowing the second fire test, a material fallure
occurred. One additional cycle following ‘is fatiure
caused the fuel dome to separate from the tnjector
face. The fallure is being investigated.

In ton with the infactor
valve-in-head tests, a steel Injector was erployed

steel njector was satisfactory ercept that a d

to the app: te (water-hammer) surge

of 1 percent was noted as compared to the

bored Inject The heat rejection rate of
the nozzle was 10 percent lower than that of the
standard configuration,

p 1ting from fast shutd The g
peak preasure was 445 pai above the fuel inlet pres-
sure; the peak value existed for duratfons up to
0.007 second. No ble deflection or 1

BEL Wuvnyf COAPOMTION e
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of the steel injector was observed as a recult of these
tests.

A 75 L* thrust chamber usembly m fire-
tested to its the
temperature range of -30°F to 130°F. As shown Iz
Figure 9, no appreciable variation was observed,

An axial defl ind; a
strain gage, was designed for the purpou of deter-
mining the relationship between injector deformation
and performance. Three firings were made with
durations up to 60 seconds. The results indicated
approximately a 0.007-inch deformation due to static
chamber pressure loading, and an additional 0.008-
inch thermal deformation at the end of 60 d.

3-8 ceramic coating from its interior. Although
similar i had been cond on another
thrust chamber, the test was repeated on a thrust
which ted the latest des
and was assembdled by the latest manulacturlng
Cly ore fuil-d
without leaks. After five full- duntlon {irings, the
leakage rate became excessive (1.43 lb/sec) ard
tests were discontinued. (In previous tests leakage
of this magnitude was attained after orly two runs.)
These tests indicate !hat tie useful 1ife of this thrust
40 percent if

1sd
the 3-8 ceramic coating is not used.

The evaluation of thrust chamber 26-CP
This unit, which has an increased

This latter fon did not In future
tests, & ditt 1 defl tranach
will be ueed instead of the axtal deflection indicator.

(2) Thruet Chambers
Fourteen producuan 75 L* thrust chmber

bringing the total to '35, Only one unit vas re}ech.d
Also in this quarter, preliminary fire tests were
conducted on the first six thrust chamber assemblies
(62-470-020-1) to be used on XB-83's Nos. 57, 59,

One produciion.-type 76 L*

throat radius, does not have a coolant-tube retaining
wire located at the throat. In all, ten full-duration
firings were completed. As-was obaerved on both
the production-type and other CP-type thrust cham-
bers, leakage on the 26-CP increased from a rel-
atively low rate to an excessive rate on fizal firing.
The performance and durability of 26-CP ‘were com-
parable to 20-CP and 24-CP which were reported
in BMPR's 38 and 37, respectively.

Testing was completed on thrust chamber
38-CP. This is the firet unit with Nicrobraze applied
t0 the convergent and throat sections of the coohnt
tube bundle. The y ol th

evalusted to determine the etlect of eliminating the

qt to thno(theprodncuon type
5 L thrust se-Cp
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Figure 9. Performance of T5L* Tubular Thrust Chamber Assembly
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seven full-duration tests with no leakage, the eighth
firing produced only minor lezkage, (NOTE: Leakage
usually occurs on the fifth or sixth {iring on the
producilon-typ: units.) The ninth and fina) rn
resulted in excesslve leakage. While 2 metatlurgical
exzmination has not been completed, 1t 15 assumed
that the eventual fallure was a result of internat
corrosion,

Tests were conducted on 2 second thrust
hamsber, 35-CP, incor g Nicrobrazed throat
and convergent sections. This uait was not 1ined
with 3-§ ceramic coating. Only one full-duration
Tun was completed without leakage., After six 280-
second firings, testing was discontinued because of
excessive leakage, These tests indicate further the
need for the 3-S ceramic coating,

Two additional firings were completed on
the Al-Fin thrust chamber 11-AF, making a total of
nine to date. At approximately 25 seconds aftsr the
start of the last firing, a burnout occurred through
the chamber casting in the area where the coolant
tubes had previously buckled, On examination, the
Al-Fin bond was found broken over approximately
75 percent of the ch 's surface, F: of
the throat revealed several small leaks which were
in line with the chamber fatlure. Sectiona of the
coolant tubes at the chamber and throat regions were
examined for carbide precipitation and internal cor-
rosion. As was noted on thrust chamber 10-AF,
carbide precipitation on the 11-AF waa more pre-
dominant than in the production-type unit. It {s
belleved that the P is & result
of the manufacturing process, bicause samples of
tubing subjected to 1300°F for approximately two
minutes exhibited similar carbide precipitation. (The
1300°F and the two m!nut dtothet

on the total useful life of the Al-Fin thrust chambers.
However, coolant-tube buckling did not occur on the
10-AF unit that had 3-8 ceramic appifed to 1ts in-
terior. Additional tests will be conducted on Al-Fin
units using the 3-8 ceramie. Delivery of three
additional A)-Fin thrust chambers 14 expected during
the next quarter. The vendor has modifiedthe casting
procedure to assure a more uniform bond between
the aluminum casting and the coolant tubes.

During this quarter, emphasis in the 4000~
pound drilled al thrust chamber program was
on the determination of thrust chamber durability,
Tests of 30 seconds duration were also conducted at
the t and chamber p: Xt

th in the f 3 These
latter tests were completed without mishap,

Evaluations were condusted with two thrust
chambers, Nos. E-18 and E-19, each of which incor-
porated 2 different design refinement. The E-18
assembly was thoroughly comted with a 0.019-inch
layer of Norton alumina, Sixteen runs were conducted
totaling 37 minutes. A nosgle throatburnout occurred
during the last run which necessitated scrapping the
thrust chamber. A water flow investigation of the
R-184 aluminum injector indicated definite mis-

1} in the impi pattern.  Subseq

{ire tests of this injecter in an uncooled thrust
chamber with a water cooled unexpanded nossle,
substantiated the water flow (test stand) results,
Severe erosion of the water cooled nozzle occurred
at the same location, relative to the Injectcr face, as
the burnout in thrust chamber E-18, The Norton
Alumina coating which had been Intact in the throat of
E-18 prior to the burnout run was badly spalled along
the entire periphery of the throat. The failure of
Nortua alumina iy, perhaps, due more to faulty

the

ture and time the Al-Finbonding )
Lvaluaticn of another Al-Fin thrustc.amber,

12-AF, without 3-8 ceramic applisd to tho coolant
tubes, was completed during this quarter, Five full-
duration firings were completed without leakage, but
on the seventh run, secveral tubes in the chamber
region buckled inward. Nodiscrepancies were evident
in the infector which might have csussd the tubes to
buckle by creating a local, high-heat rej area,

P injector rather than to fatigue and thazmal
shock, Evaluation oi the alumina coating wiil be
continued on thrust chambers similar to £-18.

The second drilled thrust chamber to be
ovaluated, E-19, was similar to E-18, except that
helical inserts are used in the cooiant Passages of
the throat and convergent nozele. The combustion
chamber was coated with Alumlite Hardkote instead
of Norton alumina. This thrust chamber now 5as an

The eighth and last firing produced nofurther chamber
damage, but the rate of leakage at the throat was
exceasive, Sections of the coolant tubes from the
12-AF unit will be subjected to a metallurgical
examination to determine the extent of internal corro~
sion,

The series of tests on 10-AF, 11-AF, and

running time of 67 minutes, including
28 runs with single-run du ap-
proaching seven minutes. Although the Alumlite
Hardkote disappeared from the nozzle throat after &
few mi of thrust chamb , the al

wall at the throat remained intact for the enttre
period.

The increased cooling margin remulting

12-AF indicates that the 3-8 had no effect from the use of helical Inserts, when combined with
B E I. W CORPOMATION e
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Norton alumina coating in the b

and nozzle will provide the high degree of durability
and rellability necessary for missile appllcauon.
Thrust chambers of this typs have been

in the to the turbine maniiold. The manifold,
the gear case, and two gears were damaged. T0
prevent this in the future, the sequiace conuol box

and are now being prepared for tests.

b. Turbine Pump

‘The turbine-pump assembly for the XB-63 rocket
engine is being developad to supply liquid propellants,
JP-4 and WFNA, to the thrust chambers. The turbine
pump will also provlde hydraullc and electrical power

for the ser d ts. Thed
for the turblne pump, chh wﬂl be installed lnNo.
75 and have been rel d for

manulactur!ng. Four of the first 20 production-type
turbine-pump assemblies will be installed inthe rocket
engines of XB-83's Nos. 57, 58, 62, and 68 to demon-~
strate operation of the power plant equipped with the
Bell-Aircraft-designed unit,

Prior to this quarter, 88 runs were made at
A, F. Plant No. 38 on turbine pr=; #ssemblies Nos.
P-1T, P-2T and P-4AT. In sicordrnce with turbine
pump model lpecmczuon 56-947-413, P-1T and P-4T
were tested for 1 into rocket
engines. mrlng the accepance testing, a minor
difficulty was experienced - a leakage occarred at
the gasket seal between the turbine manifold and its
support. It was found that the gosket was too stiff to
seal the hot manifold flange wnlch became slightly
db of the diff;
of the matingparts. Thisditficulty hasbeen eliminated
by using & more flexible guke! and six longer, high-
¢ bolts with lockn

Turbine pump assembly No. P-2T is being used
for the p test prog which
consists of 1 w-ater spray test, 27 lhort-dunuontests
of two each 10 ) tests of elght

each, 2 short tests at low P

tur., 2 .hort-durat:on tests at high temperature, 12
malfunction tests using specification acld, and 12
malfunction tests wherein acid diluted with 5 percent
water by welght is used. The malfunction part of the
prograi !s to determine the effect on the operation
when a single malfunction is introduced at various
places in the turbine pump assembly.

To date, unit No. P-2T has corspleted 12
malfunction tests with the specification actd, and 8
malfunction tests with diluted acid, 5 percent water
by welght. In the ninth test with diluted acid, a 40
psig fuel start reservoir pressure and a.n 8‘15 png
oxidizer start reservolr p: were

wag redesigned to posifire purge when
{gnition does not occur.

. Propellant Tanks and High Pressure Gas Storage

Seven sets of Type 347 stainless steel oxidizer
tanks and CORTEN fuet {....".. for XB-(3'sthroughNo.
64 were recelved. Two were of the large-cone type
with flexible outlets and five incorporated the small
cone with flexible outlets for tmproved expulsion
efficiency.

The first set of 61S-T alumirnum alloy tanks
with Jarge cones and flexible outlets, scheduled for
installation in XB-83's 65 through 74, is expected
early in October.

The receipt of two sets of 61S-T aluminum
alloy test tarks completed be outstanding orders
for test tanks of the large-cone type. A set of 818-T
aluminum test tank~ has alraady been satisfactorily
fatigue- and burst-v.sted. The remaining test tanks
will be used in thc "static test” PPB to test the de-
sign for XB-63's 65 through 74.

Bladder-expulsion-type test tanks will be used
to test bladder compatibility with the propellsats at
specification conditionsandto prove their adaptability
to the XB-63,

‘The first set of 61S-T, bladder-expulsion-type
test tanks was received. The fuel tank was burst-
tested and the oxidizer tank was fatigue-tested; both
tests were satisfactory.

An extensive test program was undertaken to
determine the durability of the teflon beilows used in
the flexible outlet tube of the tank. In addition, a few
tests were conducted to prove the over-all design.
A test rig, designed to permit the required 34.25°
deflection of the flexible tube assembly, was rotated
at the rate of one revolution per second. Following
500 cycles with the rig empty, WENA was loaded
Into the drum. After a 200-hour soaking period, the
rig was rotated for 1000 cycles. Since no visible
effects were found, It was cincluded that the bellows
and gimbal are satisfactory with respect to {lexure
and immersion.

Several bellows that did not meet specification
were subjected to conditions existing during PPH
(These tests will be repzated when

the system - a nonignition malfunction océun-edat
0.26 second. At approximately 0.57 uecond durlng

lpeclﬂcatlon belows are received from the vendor.)
A thin-wallzd bellows waa asubjected to 36 cycles of

the postfire purge period, an 1
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occurred during the 36th cycle when a convolution
of the bellows ruptured.

A heavier-walled bellows was subjected to 45
similar without any appx t effect. This
second bellows was then subjected to 12 cycles of
Instantanecua stoppage of boost flow rate; on the 12th
cycle several convolutions ruptured.

Pending the outcome of the tests withspecifica-
tion bellows, it appears that the bellows can withstand
several shutdowns with a raargin of safetyatthe boost
flow rate.

During the course of these runs, the possibility
of a vortex occurring around the erd of the flexible
tube was investigated. Sawdust was added to the

A No. 72 drilled orifice was establishedasthe correct
size after testing various sizes; the valve for 85 L*
chambers employs & No. 70 drilled orifice.

A reduction in fuel throttling time reduces off-
mixture running time during the atarung transient,
and also from hy ine to JP-4
at a higher ch Theoretlcal lcul
tions indicated 2 fuel throtulng of 0.25 second and the
fuel pintle was revised accordingly., Simulated
firings were then made to time the valve from uniform
throttling action to full-flow conditions.

The modified valve was then assembled with a
75 L* chamber and three $-second hot firings were
made, An examination of the oscillograph records
lndlcated essentially no plateau in the trace of the

water to aid in observing the fiow as motion p
were taken through sight tubes, Water action around
the outlet tube gave no fonof avortex

The nitrogen gas required for propellant tank
pressurization and valve actuation was originally
carried aboard the missile in high-pressure tube
tundles. A mechanical failure of a tube bundle in
XB-83 No. 11 made it necessary to redesign this
component. To prevent a delay in the flight testing
program, high-pressure storage bottles were installed
in the radome as temporary containers for the
pressurizing gas (see BMPR-37, Figure 23),

The redesign of the tube bundles for No. 46
and subsequent XB-83's has been completed and
fabrication hse started. The major change in the
design Is an Increase in wall thickness from 0.042
inch to 0.065 inch. testing procedv
for the tubes have been revised to ensure the use of
nondefective materials in fabrication. Fabrication
techniques and the qualification tests have also been
revised, Mstsl-to-metal contact betwmeen the tudes
and their related parts has been eliminated by the use
of siticon rubber.

d. Valves and Controls

A program has been initiated to devalop a fuel-
actuated propellant valve for use with the 75 L* tube-
formed cast thrust . This valve
will replace the hydraulic oil-actuated unit now in
use on 65 L* thrust chambers.

Development of the "fuel” valve was started
by firet fabricating 2 hydraulic oll-actuated valve for
uso on 75 L* chambers. This valve had operating

ivalent to the propellant valve used
on 65 L thrust chambers. Simulated tests on the
water flow stand indicated the need for a smaller
actuating orifice to achieve the same performance,

during the start, hydrazine ex-
haustion occurred at 70-80 percent o( rated chamber
pressure. Approximately 0.1 second elapsed between

ignition and the of P!

The valve was then rearranged to deliver a
maximum rate of fuel flow and a minizoum rate of
oxidizer flow during the throttling time, (Maxtmum
and minimum_refer to the variance in flow rates

d by the in hi the valve
components.)  Oscillograph records of fire tests
made with this valve were approximately equivalent
to those reported in the preceding paragraph.

The test valve was again altered; this time it
was designed to effect minimum rate of fuel flow and
maximura rate of oxidizer flow during throttling.
On the first of three scheduled hot firingsthe oscillo-
graph trace was similar to those reported previously.
At 10 percent rated chamber pressurc during the
second run, a sharp pressure risc occurred which
"peaked" at 20 to 30 percent and then fell back toa
rormal curve. Tho same phenomenon occurred on
the third run except thatthe peak of the sharp rise was
at approximately 50 percent.

This last series of three runs was repeated
twice and the results were identical. Since this
clearly indicated that the fuel throttling time for the
valve was too short, 2 decision was made to use the
fuel-throttling configuration of the €5 L* chamber
valve which providesathrottling time of approximately
0.5 second.

By uaing JP-4 as fuel and trichloroethylene
instead of the acid oxidizer, fuel astuaticn of the
valve was tested under simuliied firing conditions.
A smai recelver tank was used as the missile's
fuel tank, These tests indicated that the No.72
drilled orifice was satisfactory as an “actuatim
tizce" control orifice, however, at fuel tank pres-
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sures of 60 psig and above (65 psig maximum
allowed on missile tanks), the oxidizer side of the
propellant valve would not shut down because the
oxidizer pressure locked the actuatirg piston. If
additional apring force were provided to balance the
high tank pressure, a substantisl weigit penalty would
have been incurred in that the redesign wwid have
increased the size of the valve appreciably. There-
fore, i was decided to overcome this difficulty
through pressure bal g by g the

piston to fuel tank pres:.re at all times. A minor
redesign balanced out the effective areas on both
#ides of the piston,

A reworked valve was then subjected to simu-
Iated {irings and performed satisfactorily at fusl

The hea flow in a drilied aluminum thrust

that the maxt Lieat flux, which

occurs at the throat section, is approximately 4.5

times that occurring in the (hamber. It wae also

revesled that €5.5 percent of the total heat rejection

of 832 Btu/sec occurs at the throat section, These

data are within the range of heat rejection rates ob-
tained from experimental tests,

It was noted that the combustion wall tempera-
ture varies between 850° and T00°F within 1.5 inches
of efther -lde of the throatsection. This suluuntmes
the on that 1 heat { not
oceur In v.hu section of the thrust chamber,

Electrical analogy-models were made for the
purpose of determining the relative heat transfer
of the 24-hole, 38-hole, and 60-hole

tank pressures {from zero to 5 pllg Hmver, the
made

innresead T
it necessary to lncreue the actumng orifice to s No.
71 drill size.

Following the installation of the larger orifice,
the valve was installed on a test stand and 22 hot
{irings were made. Of these, nine wire made with
the XB-83 tubing configuration - three runs at each
tank pressure of 0, 40, and 65 paig. All Marts were
smooth, the usual chamber pressure plateauappeared
on the oscillograph trace after ignition, and the

to rated chamb was smooth,
The shutdown time averaged 0.95 second at 0 psig
and 0.33 second at 40 and 65 paig.
The valve was then d for

Arillgderosange nogzle, These rapresent some of the
possible design modifications to the drilled-aluminum
thrust chamber.

‘The 24-hole model provedtobe the least efticlent
in that it resulied in the hldlelt wall temperature,
T16°F. The for the
38-hole and 60-hole were MO'Flnd 650°F, respec-
tively. Of particular importance is the fact that the
coolant velocity in the 60-hole nozele is suificiently
high to prevent nucleate bolling under normal condi-
tions, Thue, {f local 'hot .pou" occur, a tnnamon
to the nucl ling
huh heat flux without an lpprecl:ble lncreue in

wall In

oxidizer flow and maximum fuel flow during throttling.
Three rune were made at each tank pressure of 0,
40, and 65 peig. The osclllograph traces inuicated
satisfactory performance.

the other two
configurations, tue increased heat flux would cause
the bubbles to coalesce into a vapor film and resuit
in a burnout,

In addition to varying the number of drilled
, models were conm-umd to h\vutlp!e

The valve was then adjusted for
oxidizer flow and minimum fusl flowduring throttling.
Three runs were again mads at each of the afore-
mentioned tank pressures and the results were
satisfactory.

At the present time, the valve isbeing subjected
to simulcted firings at 165°F and -65°F - results
are not yet avallable.
4. RESEARCH

2. Heat Tranafer Tests

The lnvestigation of the heat flow through the
walls of a 4003-pound, drilted thrust

the effect of g the ¢

ing or using spiral inserts. No declded advn..agel
were apparent from the tests of either of these
modifications.

In the Investigation of the effect of a blocked
coolant pagsage, a section at the throat was studied.
The blocked passage resulted in & rise of the cctw=
bustion-wall temperature from 670° to 885°F. This
temperature would result in a burnout of this section
of the throat,

A study of the heat flow in a tube-formed, cast-

thrust chamber has been initiated. Pre-
Uminary results indicate that the combustion-wall
18 720°F in the chamber and 1350°F at

chamber was completed. In addition to this work, an
investigation was made of the effect design modifica~
tions on the drilled passages and a blocked passage
had on heat tranafer.

the throat {assumisg nucleate bolling vecurs), It was
noted that most of the heat transfer occurs through
20 percent of the surface area of the coount passige;
the r surface is
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b, Hydraulic Restarch

The study of the starting transients of amall
orifices such as those used in gas generator igniters
was continued. Tests made In thelastquarter clearly
ghowed violent oscillations in tise jet stream when the
propellante, WENA and JP-4, were injected into an
evacuuted cramber (29.5 inches of mercury vacuum),
These tests were repeated in this quarter and the
previous observations were coalirmed. Anciher serfes
of runs was made under identical conditions except
that the propellant temperatures were -35°F instead
of T0°F. Inthese latter runs the violent oscillationa
were not observed.

Studies were also made of the elfect of chambor
pressure, discharge pressure, and jet velocity on the
appearance of both single and Impinging jets, Visual
obstrvation of jet behavior was supported by pho-
tography.

For the single jet, an in chamb

nozzle. Therefore, as a comp: b the best

and the of the injector,
geometry, an impingement angle of 80* to the sonic
fet axis was used in the design of the injector.

<. Propellant Investizations
(1) Additives
(a) RFNA Stabtitty

The RFNA being tested for storage
stability has shown no apprecisble change §n come
position over a period of approximately 12 months,
The acld 1s stored outdoors (n an alumloum drum
which ip vented and sampled at monthly intervals,
Tests were started in August, 1953, and anaiytical
grocedures were revised in January, 1954, to obtain
more accurate results. Results of several snulyses
are given in Table I,

d the rate of A quan-
u\a.uve approx!mmon of this \ncrease was made by

measuring the diameter of the jet. An
the fnjection 9-#isure or jet velocity also lm:reued
the rate of atomization, but the effect was not clearly
defined nor readily measurable.

In fmpinging-fet nudiu, an lncrena fn ]et
velocity at a L
the amount and rate of uomlnuon. Simllarly, an
fncyease (n chamber pressure at conciant fet velocity
increased atomization, the most notable changes in
the rate of atomlzation were oitalned fn the 3 to 100
Ppaig range.

Incidental to the studies, was the observance
of hydraulic {lip under certsin conditions. For the
particular orifices used, nonsmpingement was clearly
evident after flip.

As an Introduction to the design of an injector
for & "double rocket engine,” a study was made of the
penetration of water into a sonic nitrogen stream.
The double rocket engine consists of a 400-pound
thrust chamber, with 2 convergent nozale only, which
1s {ired through a central hole in the injectorofs
4000-pound thrust chamber to provide a pilck flame
for the larger thrust chamber; this might insure the
efticient of the propell without re-
quring an accurately drilled and fabricated Injector.
The experimental work consisted of injecting strenms
of water at varying velocities and angies into & sonlc
nitrogen jet. Maximum penetrationof the sonic stream
oceurred at an impingerent angle of 90°, However,
the maximum breakup of the stream occurrsd at 2

gative angle of |} T t toward the sonlc

TABLE 1
STORAGE STABILITY OF RFNA
24 August | 4 January | 7 September
Conatituent | g5 1954 1954

BNOS 82.65 81.44 81.32
NOZ 15.54 16,53 18.58
HF 0.44 0.3 0.52
A} Trace Trace Teace
Fe ‘Trace N Nid

nzo 1,37 140 1.58

{b) vodium-Wax Dispersions

As & method of improving the rellabliiity
of ignition, when an electrical igniter 1s used with the
JP+4/WFNA combination, tietallic sodlum csn be
introduced into the fuel upon starting, This is done
by means of sodium particles dispersed in wax, The
JP-4 dissclves the paraffin and picks up the sodiuea.
‘The effectiveness of this additive was evalaated at
two pressures by determining ignition delay as a
tunction of temperature,

The dispersions of sodium (50% by
weight) tn paraffin war were rady with a Waring
blender equipped with a stalnless zieed bowl and an
electric bsating mantle. A slug of the dispersed so-
dium was placed In the JP-4 foed 1ine downstream of
the propeilant valve, For tests in which the sodium
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was not used, 2 "dummy" slug was placed in the line
to keep the line volume constant.

Since there is a slight fuel lead, ignition
delay was taken as the interval between the entrance
of WEFNA into the igniter (signaled by 2 conductance
probe at the acid orifice) and the start of chamber
pressure rise. Although use of dispersed sodlum

p: the starting ch tatics of the igniter,
the data nevertheless showed an appreciable degree
of scatter with or without the sodium.

{2) Starting Flulds

The of the
y cal d hyl hy as a starting fluld
at reduced temperatures was continued. In the last
quarter, test of this starting fluid in 2 start chamber
i =83 F werv safufaciosy. A regereualively oicled
was then 4 for the start

of un-

malfunction at turbine atart — more specifically, the
effect of therral and mechanical shock on nitrated
turbine soot.

Prior to nitration, samples of turbine soot,
soot from the ramp beyond the test rig, and extract
and residue of a chloroform extraction of ramp soot
were tested for stability. No violent reactions were

btalned when these were subj d to heat,
liquid WFNA, or hot WFNA vapors. It was concluded
Bt the soot tested was insrt.

The turbine soot was then nitrated under
conditions which paralleled those at turbine astart
aboard XB-63 No. 12. It was assumed that a carbon
deposit had formed in the low spot of the turbine
housing. This deposit would include carbon and
alkyl nitrates. The products formed by the nitration
of tho roxt under thesd almalated coaditions wess

blected to th 1 and 1 shocks 4

and five successful starts were made at -65°F.

As with the previous runs, the start tests
conducted in this quarter were made with the pro-
pellants, starting fluid, and hardware at -85°F. The
propellants were JP-4 and Type IIl RFNA with 0.5%
HF added as a corrosion inhibitor. Including the five
starts 1aade in the previous quarter in the regenera-
tive chamber, a seéries of tweive successful starts
was made. In all instances, the transition from start
to main fuel was smooth. The slow start in these
tests was attributed to the low temperature of the

{ng ftuld in the propellant valve.

Ca three of four additional starts, explosions
were encountered, In each case, the cause was
attributed to improper propeil valve th
(The propellant valve was not desigred to operate
at tsmperatures as low as -65°F.) Before continulng
thege tests, a propellant valve was th ghly tested
in dry runs at -65°F, Following satisfactory valve

jon at the reduced , two ful
{irings were made.

The rellbility of unsymmetrical dimethyl
hydrazine as 2 starting fluld has been adequately
d for the perature range of
to -65°F. There has been no evidence that the
starting fluid contributed in any way to thedifficultles
enccuntered in the test program.

(3) Safety Program

Following the abortive launching of XB-63
No. 12 an Investigation was conducted to determine
if an explosion of d hy bons caused the

by open flames and blasting caps. The nitrated prod-
ucts proved to be stable. However, it {s believed
that the failure to uncover evidence of instability does
not eliminate the soot as a possible cause of the
explosion. Conclusive results can be obtained from
tesis in which the exact conditions in an operating
turbine are duplicated.

{4) Quality Controt

The quality control program has been inl-
tiated, after acceptable field-test methods for analyz-
ing WFNA were established. A dailyanalysisis made
of the acid used in each cell. Should the Lron content
exceed 0.03 percent, operations are postponed until
the acld is replaced. The 0.03 percentsge has been

1 d as the safe op limit. For
each test, analytical data of the acid «re recorded
on the IBM card along with performance data on the
rocket engine.

A daily test is also made of a sample of
JP-4 selected from a cell assumed to be represen-
tative. Density is d with a py ter at
77°F, and bolling range 1s determined by an ASTM
distillation, When sufficient sampleshavebeentested,
a correlation of V.ta will be made and the results
will be reported as they become avatlable.

d. Material Evaluation

Six bladder-expulsion tests were made with the
oxidizer propcllant tanks. The bladders were fab-
ricated from a 0.02-inch R33X416-14 polyethylene-
polyisobutylene blend (a Goodyear Tire and Rubber
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TABLE I
SUMMARY OF ACID EXPULSICN TESTS WITH GOODYEAR BLADDERS
Shroud Percent
Test No | (Enveloping Bladder) | Storage Time | Expelled Remarks
1 None 24 hours - Failure due to
acid action
2 0 005 inch Kel-F - 98 Acid cooled to
-10°F and ex-
pelled immedi-
ately
3 0.005 inch Kel-F 24 hours - Fallure due to
strangling of
bladdes dy shraad
4 0.005 inch Kel-F 12 hours 98
H 0 003 inch Kel-F 18 hours - Fallure at seams
after 18 hours
storage
8 0 005 inch Kel-F - - Stress risers in
shroud broke
during acid loading
TABLE II
BLADDER MATERIAL TESTS
Material Manufacturer Test Results
Teflon glass DuPont Gas leakage In alr - no leak
cloth* In contact with WFNA:
at 6 psig - no leak**
at 9 psig - small leak
at seam
FBA plastic Minnesota Min. Capatibility JP-4 - compatible
ing and Mfg. N.H
Co. 24 1~ incompatitie
FNA
Temperature | -10°F - brittle
F y C C bility | WFNA - compatible (48
Vistanex B-80 Hard Rubber Co, hrs., room temperature)
blend
Temperature | «15°F - {lexible
=35°F - stiff, but not
brittle

* Fabricated into METEOR-size bladders,

** Glaas cloth impregnated with Fluorolube LG
leaked under thesc conditions.
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Company product). The variablee included the stor-
age {fme and the thickness of the shroud enveloping
the bladders. Table I 18 2 summary of the results.

White fuming nitric ackd was not able to pene-
tract three 0.005-inch plfes of Kel-F coated with
Nordcoseal grease during a 62-day storage period
3t room temperature It was also found that the

surface finish of Kel-Fcould be improved by sup-
iecting it to 350°F and €200 paia for 15 minutes, and
then quenching.

Table m summarizes the ruults of the pre-
lminary of several bladder ma-
terials, Tsblé IV presents the results of several
WFNA compatibility tests.

TABLE IV
WFNA COMPATIBILITY T!'STS
Materfal Intended Use Results
Silicone ofl Cormaprefsor Incompatihle. Delayed reaction
(8F 96(40), General between § ml ofl and 95 ml acid.
Electric
Phenolic treated WEFNA tilter Incoropatible. Reaction oc~
cellulose curred.
Dynel board WFNA filter Incompatible, Became spongy.
Stainless Steel WFNA filter Incompatible. Corroded.
(304,316)

C. Guidance

1, GENERAL

At the beginning of the Rascal program, research
and development was started on a radsr-relay and
command guldance scheme for directing air-to-
surface missiles to a target., This development was
easentially concerned with a radar scanning system
in the nose of 2 missile by means of which & radsr
plcture of the area ahead of the missile is relayed
via a 11ink to the launching aireraft, With
this inf t from the hing alr-
craft could be sent to the misaile dirscting it to the
target. (The name “RASCAL" was coined from the
{irst letters of the words RAdar SCAnnlng L!nk) At
.ﬂut two B-17 aircrait were uullzed in @

Guidance for the Rascal weapon system consists
of an inertial range-computing system with a radar-
relay d override. Ci of the system
are located both in the director afrcraft and in the
missile.

Basically, the system operates as followa®; The
divector aircraft carrying the missils le navigated to
the launch polnt by means of its modified K.series
radar bombing system (MA-4 or 3IA.3) utllizing 2
iong-range search radar and computer. A range
measuring system, called the inertial range-computing
(IRC) system, measures ground range to target by
double mu‘ntwn ofa ﬂnul from a pitch-atabilized

t, one the hi ector
aircraft and the other the missite. Later, dats from
tests using this experimental radar-relay and com-
mand 1nk led to an improved guidance system which
w3z subsequently installed in & B-17/F-80 combl

1y prior to launch, Initial~

* This guidance description applies only to Modo!
56F XB-63'3 No. 38 and -ubuquent. For interim
1ssiles, & track and d

tion to simulate more closely the guidance performs
ancs of & director atrcraft and misslle in flight.

system as described In Bell Alreraft speclllcauon
§6-947.001 1s used.

I
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UNATTENOED
SEARCH RADAR ANTENNA

condition data of director atrcralt velocity andrange-~
to-target, are {ed through an nwymbliical* cable to the
misaile, After the missile s launched, this informa-
ion enables the missile's inertial system to dictate
a programmed fiight path. At2 predetermined range
trom the target, the IRC syetem {nitiates the terminal
dive signal and the missile automatically enters A
30-degree dive. By controlling the flight path a this

+ablish

NECEN IR TRANSITTER

\)

RELAY ANTENNA

1,

vatious &
tncorporation into B.63 P less P

Also, » Rascal guldance system 1s being installed in
an F-89C 8o that more reslistic flight testing can be
pcﬂ:dr.mod at high altitudes and at greater Tanges and
speeds.

P! prior l.o:helr

manner, the servopilot guid ¥
a preset collision course to the target.

The search radar system is included to ymprove
'] ey of target acquisiti Just prior 0
terminal dive, unattended search radar equipment {n
the nose of the missile 1z automatically energized.
This acans the area over 2 150-degree sector ahaad
of the missile, Radar video 18 transmitted by means
of a microvave relay link to the director. Here
radar information on 3 plan poeition indicator {PPD)
scope enables a guldante operator to corsect the
fight path of the XB.83, and obtalna high degree of
y in target bing. The operator guides the
Rascal by means of 3 tracking stick that positions
sange and azi'nuth cursors over the target radar re-
turn on the indicator. The displacement of the Lacking
stick determines the f11ght path corrections whichare
automatically transmitted to the missile.

he De17/F-40 team (how EB-17G/£F-225},along
with a laboratory terminal guidance control station,
has been kept up to date, and s being utilized to

Early in 1952 the Alr Force establighed that the
te guid system for the Rascal weapon would

be of & letel type. P
work on this nonemanating system, presented in the
Latter part of this section, uprozrnimgcmcurcnuy
with the development effort on the guldance aysiem
{ust described.

The tollowing information for the most pert par-
allels the "cbjective aims ‘ and work statements 18
appearing In Project MX-T78 Program Planaing
Report, Bell Alreraft Rypor. No. £8.980-0038 dated
30 June 1954,

3. EMANATING 4UIDANCE

2. Misstle Equipment
(1) Unattended Search Redar (USR) Systew

In ordes to reduce "moding® by the modu-
lator tube & new pulse transformer which lengthens
wodulator pulse rise time has been designed for the
PPB's USR systen. A rise timo of approxiroately
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210 kv/usec was obtained, howsver, after a brief
period of operation a short circult occurred. The
cause of this diffiealty is now being investigated.

{(2) Command System

The command package, lucated in the aft

guidance section in the missile, decodes andtransmits

1d: d infs recelved from the
director 1o the servo autopll

Two engineering models of a new command
package, Figure 10, with improved decoder and
memory circuits have been constructed and witl be
tested during the last quarter of 1954. An evaluation
of the effects of noise and coatiaucus-wave {cw)
Jamming signals on the operation of laboratory-model
command packages shows a good correlation with
anticipated results,

C d AGC ( gain
control) circuits have been modified to improve re-
celver performance in the presence of CW and noise-
type jamming.

(3) Video Relay System

A contract is being negotiated with Raytheon
for additional QK-282 magnetrons. These addittonal
magnetrons will be used, as required, to replace
“burnouts’ on Model 56B PPB's.

‘The relay transmitter inthe EF-80Baircraft
has been modified to use the A-1016 magnetron manu=
factured by RCA and thus more nearly reflect the
configuration of No. 30 and subsequent PPB's. The
work or. the A-1016 was directed toward elimination

Figure 10. Command Package

BE Lot

Figure 11. Computer Contrel Unit

of power slump and improvement of Unearity. Life
tests on the RCA A-1016 magnetron are currently
under way.

b. Director Alrcraft Equipment
{1) Terminal Guidance Control System (TGCS)

The {irst lab 'y model of anewcomp
control unit, Figure 11, for the director alrcrait's
TGCS, has been p and has it iy
passed vibration and high and low temperature tests.
The second laboratory model, now approximately 90%

d to be

, 18 pleted early in
October 1954, Drawings have been completed and
will be rel d shortly to 1 ing facllits

pending ECP (eng
by the Air Force.

ing change proposal) app

(2) Command System

Model 110 command transmitters have been
installed in the two RED director alrcraft (EB-50D's,
Nos. 075 and 111) now in use at HADC for the 56B
flight test prog Itis d that
of these improved will re-
duce ma{ntenance problems and increase retiability of
the director afrcraft's guidance aystem.

(3) MA-4 System

Laboratory tests of the ME- , computer (part
of the MA-4 and MA-S radar navigation bombing
systems) with the inertial guidance system have been
completed ss'isfactorily. Frequent checks of the
computer during tests showxed that its outmat voltages
to the IG system were with!n the tolerancesypecified.

=
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The ME-4 laboratory system s belng
checked periodically to assure that it is in proper
operating condition. No parts failures have been
encountered to date.

(4) Automatic Checkout System (ACS)

The automatic checkout system is a device
which automatically checks certain B-63 and director
aireraft functicasdirectly concerned withthe launching
of the PPB. There are two development phases to the
ACS program.

The earlier R&D phasc produced the Model
56 ACS and the later phase, the Model 110 ACS. The
Model 110 is the operational model and will be used for
launching PPB's starting with No. 46, Model110 ACS

(d) The redesigned advance controller pro-
totype is undergoing engineering eval-
uation.

(¢) An override for ejther emanating or
nonemanating guidasce would permit the
guidance operator to five a PPB with
either system inoperative but not with
both systems inoperative, Ctrcuitry
been devised to accomplish this purpog
and will be incorporated in all systems
unless 2 revised requirement is re-
celved from the Air Force. Advance
information indicates that the override
of emanating guidance may be deleted,

¢. General Product Improvement

18 an improved design and utilizes better packagt
techniques than Model 56.
Prototype ACS equipment for the DB-36 and
DB-47 atrcrait has been modified to include new
d: requir One change

provides for the ret fer of PPB syst oper=
ating on internal power produced by the turblne, to
xternal power, following a malfunction or fallure in
the rocket system, This gives added safety tothe
captive flight and assures continued operation of the
electronic equipment within the PPB after a turbine-
pump shutdown.

The following accomplishments were made
during preproduction tests of the ACS:

{a) The hermetically sealed stepper-
switches provided by the vendor were
tested indlviduvally for stepper action
under the high and low limits of the
temperature specification and all defec-
tive items were returned. A procedure
for adjusting and testing the switches

has been established and itis d
that future shipments will meet specifi-
cations.

{b) A new teinperature-controlled capacitor
assembly was designed using a metal
container filled with silicone oil, The
aew assembly, necessitated by the in-
ability of the previous unit to withstand
thermal shock, has been made effective
on ail Model 110 ACS.

(c} Teflon-coated wire and speclal lacing
taps were substituted for the SRIR wire
used in the subassemblies of the system,
after the SRIR wire waz fcund to be
subject to cold flow under temperature
extremes,

(1) Ky-Band USR System

Flight testa have been completed comparing
the performance of the Ky-bandand X~-bandunattended
search radars. Anaircraft with a maximum sltitude
of 30,000 feet was used in the comparison tests. The
following information on altitudes in excess of 30,000
feet wac obtained by inserting an attenuator in the

d searchradar guide, thereby g
i d altitude R ble results were obtained
with the K;-band unattended search radar ata sim-
ulated altitude of 50,000 feet under ideal weathercon-
ditions. Under adverse conditioas K,-band perform.
ance was marginal above 40,000 feet. The X-band
unattended search radar was found to present accept~
able PPIdisplays up to a simulated altitude of 70,000
{eet under {deal weather conditions and to & simulated
altitude of 60,000 feet under slightly adverse weather
conditions. Since the test aircraft could not be flown
in severe weather, test results were not obtained
which would be valid for very adverse ccnditions.

The first K,-band search antonns manu-
factured by Dalmo-Victor has been recelved. All
remalning antennas will be delivered by June, 1955,

(2) High-Power USR System

A breadboard model of the mod:lator unit
for the high-power USR system has been completed
except for inverse diode circuits. This modulator
has been used to drive a 4J50 magnetron at power
outputs up to 250 kw. At power outpuls in excess of
200 kw, spectrum difftculties occur which have been
traced to the short-rise-tirae of the modulating pulas,
The Lalse transformer 1s being redesignedtoincrease
modulator-pulse rise time,

A laboratory model ofthe receiver assembly
has been tested, Receiver sensitivities with one-to-
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one signal-to-nojse ratlos at -98 dbm* have been
obtained using 1N23C crystals,

(3) Bandwidth Reductfon, Radar-Relay Syatem
The study to d

t P ] unique to & 3D put
for a nari w-band relay link and for the USR system
is continuin -, This studyis toward g

(7) Azimuth, Range, and Altitude (3D) Oifset

Study has coatinued on the 3D offsat guidance
computer and some initial work has been completed.
Several methods of solving the geometrical problems
have been prop Each
method has some inherent difficulty either in equip~

both the US.t signal-to-noise ratio and the relay-link
range. A t eadboard model of a new synchronising
code circult for this relay link has been constructed
and {s now undergoing tests.

(4) Arti-Jam Circuits, USR System

A study is being made to determine the
feasibility of utllizing a tupable on and anti-
jam clreultry in the USR system, Preliminary tests
are to be wmads with 3 2J50 magnetron; two 43507
magnetrons also have been ordered for additionad
testing, Because of duty-cycle Iimitations of these
tunable tubes, it hae been necessary to reduce the
pulse width to 0.4 microsecond, The use of pulse-
forming lines and pulse-width discriminating circuits
as atl-fem features ave being evalusted. Circuits
to detect the presence of jamming are also being
Investigated.

{5) Extended-Range Relay System

Studies on the use of C-bandfor anextended«
range relay system, beiween missile and director
afrcraft, have continued. Several tube manufacturers
tave bacn vielted in an effort to obtaln & sulfable
Telay transmitting tubs, Tubes now under congldera-
flou Include a Xiystron cscillator mdtrav‘olmx-n!e

ment or ¥, A choice inthe method
of solution is guided by the following considerations:

Avoidance of multiplesloop servomech
anisms to permit good aver-all response,

A method of solution whichavolds

or indeterminate solutjons.

The number of computing elements neces-
a2y,

A with gel "
used.

Correlation of direction of movement of
range and azimuth cursors with respect to
operator control stick movement,

(8) Simplified TGCS

A breadboard model of the proposed sim-
pliffed terminal guidance control systera has been
partially constructed prior to its evaluation, Cir-
cultry revisions have been made 1o the TGCS to
permit including an Indiroct bombdamageassesament
system. Further study ls now under way to sacertsin
n;w chs deeiga most completely compatitle with a

amplifler and & {
wave osclilator tube).

(6) Extended-Range MA-4 System

Modification of the mlsstle-release naviga-
tional coraputer, MRNC, to an extended-rangs con-
figuration is In progreas at A. C. Spark Plug,
Milwaukes, This extended.range configuration will
be effective on A. C, Spark Plug producticn system
Y-24, The immediate effect on the Bell Alrcraft
program will be that different capule wiring will be
required to mate the present capsule with systam
Y-24. Monthly progress reports are belng forwarded
by A. C. Spark Plug reflecting the statvs of the work
being done, A trip to A. C. Spark Plug was made
during August.

# dbm - decibels with raspect to one mittiwatt

hr offset ¢ puter. Workls
algo continuing to improve the circultry from the
standpotnt of reducing the number of calibration
controls and to increase system reliability,

{9) Indirect Bomb Damage Assessment (IBDA)

The preliminary design of the IBDA marker
unit, which provides rangs msrks cn the PP] to
determine the distance of the missile {rom the target,
has been completed and s ready for fina) packaging.
An engineering report is app tely 75% complet
Flight tests are now being performed to obtaln data
required to complete the repost.

{10) Stabilized Automstic Tracking Relay An-
tenna System (SATRAS)

y model of the stabilized version

of the reley antenna system (Rascal director alreraft
quip } {s now \ted in the R&D EB-17G
aleeraft for flight evaluation, Protolype systems are

B E Lot
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being fabricated to facllitate further bench and en-
vironmental testing.

(11) Developmental Flight Tests
Flight testing at Bell Aircraft is beiug con-

ducted with an EF-80B aircraft, into which an XB-63
emanating guidance system has been installed, and

b. Multlaxis Guidance System
(1) Description
‘The nonemanating, multlaxis, inertial guid-

ance system for the ultimate B-63 weapon system cln
be divided into four 2 stable platf

with an EB-17G alrcraft that contains guidance
equipment normally used in both the director alrcraft
and the XB-63, During this quarter, eight flight tests
were made with the EB-1/G “flying laboratory" and
nine flights with the EF-80B.,

Flight tests were relay

, & flight , and a prelaunch
injtia}-condition system. The slmble plaﬂorm serves
(a) to keep two accelerometers properly aligned, one
in the north direction and the other in the east
direction, #.d (b) provides a reference for attitude
control of the PPB. Signals from the accelerometers
are to the which

link capabilities, 2 developmental TGCS lumped-
constant decoder, and over-all guidance system per-
formance,

An F-89C afrcraft was received at Bell

Afrcraft on 13 May 1954 and is being mcdified to

include a complete XB-63 guldance system with the

exception of equipment that provides commands to

the airframe. Preinstallation bench checks on the

will be leted shortly. High-

altitude flight tests on the USR system will start
during the next quarter.

3. NONEMANATING GUIDANCE

a. Inertial Range-Ci (IRC) System

The ME-4 missile-release navigational com-
puter in the director alrcraft furnishes initial-
condition data to the IRC system. During this period,
compatinility tests were run between a benchmodel of
the ME-4 computer and h ¢ IRC system inthe develop-
ment Cl proced for setting
up carrier and PPB velocity and range signals during
ground tests were finalized.

A bench set of the IRC system was putin
operation at HADC. Thisset will be used to familisrize
HADC personnel with the Model F miasile configura-
tion (airframe Nos. 46 - 78) and provide a means
(substitution of units) for checking components during
the flight test prog: on this

Improvements have been made in the IRC power
supply to reduce leakage paths to ground in the
floating 200-volt section. This section supplies the
excitation voltage for the IRC ascelerometer.

of Teflon under high-
temperature conditions have shown marked improve-
ment over the Polystyrene variely. The Teflon
cupacitor will be used {n the feedback loop of the
IRC Integrators.

velocity and ponluon. The
computer also applies the proper voltages to torque
the platform in compensating for the earth's rotation
and curvature, From the consputed position of the
FPB and tie location of the target, the ftight computer
produces the proper inputs to the autopilot for di-
recting the PPB to the target, The prelmnch lnlml-
condition system perd two
it levels the plat(om, using asa voloclty reference
the ground speed indicated by x Doppler radar sys-
tem n the carrier alrcraft, and aligns the platform
in azimuth, using an astrocompasx for the true-
north reference, a photogoniometer bending angle,
and a gimbal correction angle. A modified navigation
-y-tem in the carrier alrcraft, In conjunction with a
plies initial conditions of
ge-lo~go betmn carrlu' and target tothe position
computer, A compariso: of the lnertial system und
the navigation system can be made, after a check
run between two aim points, by a performance check
system,

(3) System Analysis

It was determined that the resvitant errors
in the Doppler drift-angie under conditions of strong
wind (when the director alrcraft tusns) would be large
enough to necessitate switching from the Doppler
system of piatform leveling to a memory-type sys-
tem. This memory systen eliminates erroneoul
Doppler and the 1
tion on the basis of information received prlor to lho
occurrence of the disturbance,

(3) Guidance Studies

Pullmlmry schematics have beenprepared
for the d. systems and
4 desig specification hu been written.

An error analysis of the flicht computer
Jnstrumentation has begun in which actual components
wil be used. To perform these studies the three-
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SECTION I

axis hydraulic test table, Figure 12, usedfor platform
1} and

{5) Gyros and Platforms

3 il be utilized.
'l'he prototype !hree-axls platform (for pro-
{4) Instrumentation viding a ), utilizing three
single-degree-of-freedom HIG 3 gyroa, was as-
The ph is an that ibled and {s being € ble replace-
is used to angles b the ment for the -HIG-5 platform on the ultimate weapon

alignment of the platform of the PPB and the base of
the aetrocompau in the direcior atrcraft. l-"abrlcaﬂon
of the pl i has been sub

vendor states that the basic concepts presented by
Bell Aircraft have been investigated experimentally
and found satisfactory. Detall designing has been
started.

Progreu mlde ln the development of inftial-

system.

The platform stabilization loop I8 undes
test with new magnetic amplifiers used to drive the
gimbal torquer motors.

(6) Accelerometers

The stmpl, andinverted "

condition the tot

all initial conditions from carrier te PPB with multt-
speed synchro systems. Thisz was done toachiovo the
required accuracles and to minimize the noise and
leakage problems,

Initial conditions for theee different taigets
can be get into memory servos before take off. Pro-
visions are now being made to allow an operator to
choose 2 target by adjusting a selector switch,

Specifications for the mechanical compo-
nents ol the lnlthl-condmon computers are being

8 are being developed by Bell Afrcraft
{or use on the multiaxis stable platform (see BMPR-
36, pp 25, 26), The more sultabletyne will be used ;n
the final deslgn.

The simple-pendulum accelerometer
titizing four ball b wn good
repeatability (10°5 g) and linearity (10-4 B, and m
been Juated under

found to be satisf y. Final
being conducted.

Preumlmry development tests of the In-
were begun on 20

teats ll‘G

P Upon fon these sp will

be ;ent to various instrument companies for bids.

Figure 12. Three-Axis Hydraulic Test Table

July 1954. An error in machining the springto
support the pendulum was found to be the gource
of trouble disclosed during these tests. A new
spring has been machined and installed and the tests
are continuing.

(7) Integrators

A new design o{ the mulu:xls integrator
{for the ) has d the need for
an lnﬂmte resolution potenuome!er. Infinite resolu-
tion potentiometers are both costly and difficult to
procure. A breadboard model of this new design is
being evaluated in the asrvo development luboratory.

(8) Power Source

The original promise date for delivery of
two inverter-regulator units from Ford Instrument
Company for the PPB's power supply system has
been delayed 8 months due to design changes origl-
nated by Redstone Arsenal.

Letters were wrilten to several vendors
pertaining to tue design and development of the
magnetic power supply, (Three flux oscillators tave
been designed for the magnetic power supply and the
Inland Trassformer Company iz Buffmio has been

L2 20 el Seed G = o T T ITT ITm o
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contacted to see if they can wind the toroidal cores )

put in opemlon in I.ll three axesd. Preliminary tests

A conference was held with the eastern rep
tives of Mlgneuc Research Corp. at which time the

Bell At it 1 for a magnetic power supply
was studled in deull. Further Jscussions will be
held with Corp. eng! before

2 bid is forthcoming,

(9) Test Tables

Tre August compietion date which had been
set for the combination gyro dirft and rate test table
has been delayed due to difficuity {n obtaining some
of the mechanical parts for the drive assembly,
However, this table should be assembled by 13
November 1954,

The three-axis hydraulic test table, Figure
12, for e the inertial was

D. Telemetering

1. GENERAL

Two groups of telemetering systems are uced in
XB-63PPB's. Grouplis in current use with research
and developmert missiles, while Group Il will beused
with AFOST missiles equipped with almulated war-
heads.

Group I 1s used to tranamit both qualitative and
quantitative data on vital components a.nd :y.(eml.
The number of it ing
varies {rom ¢ to 18. By commutating 2 or 3 of these

data up toa ol 4

is T
of Group I on early XB-63's includ

that str of the pitch-gimbal frame
would be required prior to further testing.

(10) Guidance Cooling System
The basic approach for controlling the

tempeiature of the inertfal guidance electronfc com-
partment has been decided. Briefly, the multiaxis
Tats will be and

at a temperature of approximately 130°F, (The pre-
liminary design of the temperature-control system
for the has been and
will be evaluated in the laboratory.) The over-all
compartment which houses tha platformand elcztronic
black boxes will be sealed and controlled at an am-
bient temperature of approximately 70°F.

and Instrumentation

Automatic decommutation will not be incorporated.
Accurate pressure-zltitude data will be cbttained by
means of a continuous channel, but in general, most
of the end instruments will supply the commutated
channel with qualitative data,

2. TELEMETERING
a. Flight Plan Changes

In accordance w.ih flight planrevisions, changes
in telemetering instrumentation were made on all of
the remaining Model 56B PPB's through No. 26, In
general, these g {sted of addin

h 18 to the power plant instrumen-

angle-of-attack and side-slip vanes, various types of

tation to obtaln ln!ormmon on chamber pressures,

pressure pickups, rate gyros, p
and numerous a-c and d-c voltage-meuurlng units.
Later RtD XB-63's, in conformance with specific
test achedules, will conmn telemetering instrumen-
tation on vibration pickups, flow m:.crs for hydraulic
{low data, and strain gages for the measurement of

fuel p: , and pump Clscharge pres-
sures.  Provisions were also made to telemoter
rocket firing, and turbine arming and firing switch
actions. To provide for the continuous-channel tele-
metering of theae ltemu, some of the less cnucal
data were d from h

fed to a commutator. Since there was not a sufficient
number of continuous chaanels on XB-¢2 No. 31 to

trol-surface hinge Oscill Te-
corders will be used on certain PPB'stoobtain strain
data on control f. Two 8, &

ground relay station, and automatic-starting oscil-
loscope cameras will be used to obtain PPBdecelera-
tion data on impact.

In the Group H telemetering systems, four sab-
carrier channels will be used: three continuous and
the fourth commutated to provide 27

these additional functions, the Century
oacillographic recorder reccvered from XB-63 No, 14
was reworked, cetested, and 1led in the warhead
section.  Instead of using the potentiometes-typs
{nstruments already installed, pickups of the straln-
gage type were idded to monitor propulsion system
pressures. These s.raln-type instruments are less

ble to vioration, and should provide more
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rellable data in the event of another power plant
d D fon, and checkout of this
telemetering circuitry for PPB No. 21 have already

quickly discovered and corrected prior to the release
of the PPB for shi t toHADC, C tests
are scheduled at HADC with the DB-36 and DB-47
5 sreraft

been completed. Rework of the channel
on other PFB's of the Model 56B serleshas also been
completed and final tests are under way.

Because of the short flights of PPB’'s 16 and
17 — the Jast of the XB-63's specifically instrumented
for telemetexing certain critical aervo func-
tions —~ sufficlent servo data were notubtatned. Con-

tly, the tt that were
recovered from PPB No. 11 were quickly reworked,
retested, and installed in PPB's 19 and 21 to obtain
in-flight data on servo valve current, accelerometer,
and demodulator signala.

To conform with the latest revisiors in the
flight plans for Model 55B missiles, a new cam was
Qesigned for the proportional programmer{se¢ BMPR
No. 37, p. 10}, Since procurement difficulties have
delayed the fabrication of these cams, {wO step-type
programmers were reworked to approximate the
function required. The reworked programmer will
be used {n XB-63's 22 and 24.

b. Equtpment Testing

Rework and retect of the remaining 16-charnel
type telemetering transmitters were completed on all
existing units. This included the addition of R-C type
fiiters in the Vibrotron outputs and the placing of
magnetic shlelds around adjacent Vibrotron ampli-
fterg. When this was completed, ruirs and pre-

probl in the {tter were elim-

tnated.

‘The special tests being conducted on PPBNo, 22
to determine the sources of certain data inaccuracies
were completed. Followeup teats will be made after
discrepancies have been corrected. Both corrective
action and follow-up testa will be accomplished quring
the next quarter, i scheduling does not interf
with the present workload.

The first captive ilight of PPB No. 21 indicated
that a considerable amount of £00-cycle pickup and
noise existed in the six-volt d-c telemetering filament
leads of the t { t. This probd. wis
solved by designing and fabricatinga 400-cpsrectifier
to replace the carbon-pile regulated dynamotor. In
addition, it was necescary to rescute the 400-cycle
and six.volt d-c 12ads which had been ina common
cable in the director alrcrait,

During the checkout of PPB No. 48, wiring
pancies a0d patibility probl usually
lated with a letely now were

B E Lo A

As a result of the differences in data obtained
at HADC from three commutated channels being used
to monitor the same function (L.e., alternator voltage
on PPB 14}, the recovered transducer from the PPB
was returned to Bell Atrcraft for investigation, The
results of tha Investigation: Indicated that the time
constant of the output circuit was too low to permit

¢ pting of the fon more than once in
every revolution of the commutator. A correction
factor was determined and applied to the recorded
data to obtain the correct in-flight information. To
avold this difficulty n subsequent missiles, thealter-
nator voltage will be single-sampled Insteadof triple~
sampled.

Continuing investigations of the phasing and
tension problems inherent in the design of the com-
mutator-gating brush assemblies have brought about
the lollowing changes:

(1) New linear backup springs for the brushes
were designed and fabricated to replace the
nonlinear springs.

(2) New brushes were designed and fabricated.

(3) New sanding ard honingdiscs were designed;
prototypes were fabricated to permit the
facing brush bijes and
commutator face plates.

(4) New contacts were used to replace those
worn beyond repatr.

(5) The mezsuring Jig for brush tension was
reworked to eliminate sources of error.

(6) A new (brush-contact) assembly jig for
fabricating brush assemblies was designed.
This eliminates the costly delays en-

d in ing units from vendors.

Only prototypes of the jtems just mentionedhave
been d, Productl and fzbrication
of parts will be accomplished during the next quarter.

¢. Four-Channel Telemetering Systems

The entirs four-channel telemetering system
scheduled to be used in PPB'3 48 through 64 has been
reviewed to conf with ch 1n flight plannt
Tel ing of the head fuzing system and a

| imvserliih Soam i U
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monitoring circuit for the crystal current of the
USR were added. The telemeter!ng junction box was

to the ted relay
assembly, the SRIR-type wire was replacedby Teflon-
insulated wire and the old relays were replaced with
new ruggedized type. Prototypes of the junction box
will be tested during the next quarter.

The program initlated during the last quarter
to desigr A power supply to replace the battery pach
for the four-channel system to be used in No. 66 and
subsequent PPB's was completed. The primary
purpose of (hls progr:m was to make packages which

would dergo the same

testing that is required for an operational system.
‘Thue, all assemblies were sealed to meet humidity
requirements, and a Bell-designed r-f transmitter
acgembly was added in place of the commercial unit.
The unit designed by Bell Aircraft was added after
all attempts to obtaln a transmitter that conformed
with Bell Aircraft specifications had failed. Proto-
types of the foregoing liems are being completed.

3. INSTRUMENTATION

2. Vibrotron

The first units of the type 544 lemperature-
b d by Bell
Afrcraft have been received from Byron Jackson,
After minor corrections have tven made, these unita
will meet all of the required specifications. Tests
have revealed that the center frequency drift with
temperature-. cycllng was due to the vibrating-wire

the is

b. Vibrotron Data Reduction

As described 1n BMPR»S'I me 28 investlga-
tions are
and recording Hbro’m ‘.,.tz. In line with this, work
on the high-prec.afon, data-reduction method for use
with Vibrotron-transmitted data has been delayed by
the more urgent work brought about by changes In
flight p have provedthat
the recording method is bulcally scund. It is antici-
pated that the system will be in operation by the end
of the next quarter.

. Impact Instrumentation (See BMPR-35)

‘The matching network for instrurientingthe PPB

for impact datz has been completeu and the initial

have been 1lished. This will pro-

vide for the monitcring of data from the MC-300

fuzes in all PPB's equipped with the 18-channel tele-
metering system,

d. Detonation - T} )

Initial packages of this system are being con-
structed and should be ready for evaluation duringthe
next quarter. They will effect a shift of transmitter
frequency at the time of detonation. Recording of the

oscilloscope
will provide data relative to the performance of the
contact fuzes.

e. Vibration Data Reduction

Present usage of the filter-network type of
b data qul has d tn

b savlngl of ,, . An will
number of

this prob'em.

be
filters needed (or an ideal reductlon system,

(]
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E. Aerodynamics and Structures

1, AERODYNAMICS
a. General

A major portion of the aerodynamic werk oa
the XB-63 has been completed. The results of this
work, of both tical and tal
analyses, have been published inthe follcwing reports:

(1) Rascal Design Proposai Report No,D98-945-035

(2) A General Study of the
Performance Capabili-
ties of the XB-63 Report No. 56-078-010

{3) Basic Aerodynamic
Characteristics of the
XB-%3 Report No. 56-978-008

{4) Aerodynamic ileating
and Thermal Analysis
of the XB-83 Report No. 56-978-013

{5) Static Stability, Con-
trol, and Mansuver-
ability of the XB-63 Report No. 56-978-011

b. Flight Plans

Aerodynamic portions of the detalled{light plans
have been completed for XB-63's through No. 35, as
well as for XB-63 No. 49.

¢. Dynamic Stability

A report on the dynamic behavior of the XB-63
is being prepared. It contains sections dealing with
the of the rvo system in
pitch, yaw, and roll, and analyses of terminal dive
maneuverabllicy, roll control, and launch safety.

d. Fuzing

The primary fuzing system cf the Rascal PPB
(see Section G, Armament) utilizes the rel hi

a station between the propeliant tanks. The orifices
are connected by means of & manifold leading toa
pressure-sensitive switch, The pressure at these
orifices, however, differs from the true ambient
static pressure, This difference, or error, depends
upon the position of the orifices along the PPB body,
as well as upon flight variables sichasMach number,
angle of attack and sideslip, and control surface de-
flections. Thus, the accuracy with which the fuzing
system detonates the PPB at a predstarminedalititude
depends upon determining the pressure-sensing er-
rors, and then compensating for these errors in the
aneroid switch.

Mach number appears to be among the most
influential factors affecting pressure-sensing errors.
Therefore, the question arises as to how accurately
the detonation Mach number can be predicted, as-
suming that all subsystems which may influence the
Mach aumber are operating within their desizn
tolerances. Small variations in thrust, launch speed
and altitude, winds, range to target, as well s, ter-
minal dive mancuvers, can influence the Mach number
at detonation. This general problem has been under
investigation for some time. Since it is essentially
Y e problem a large number
of variables, methods were devised for rapid .alcu-
lation of performance, Accordingly, the airirame-
servo section of the Rascal Simulation System was
set up to permit te solution of the !
Qlight path problem. By using this rapid performance
computing device, the major task becomes one of

ng the possibl of the many
peiinent quantities, and assigning a degree of prod-
ability to them,

e. gEnuoml Planning
In conjunction with B-63 operational planning,
d with the {tion of the

the p
Rascal PPB from an R&D vehicle to an operational
weapon are being studied.

Considerable sffort is being devoted to deter-
mine {sely the to such control

between altitude and static pressure. Its accuracy in
detonating the warhead at a given altitude depends
largely upon the accuracy to which static pressure
can be rreasured at the PPB, as well as the accuracy

parameters as climb angle, crulseaititude, dive angle,
and thrust which are 7 to prepare
2 PPB at squadron level for a specific mist'onina
minimum of time. Thess adjustments will be in-

to which the target helght and target h
conditions can be predicted.

To obtain static pressure, & series of oritices
are drilied in the circumference of the PPB body at

in the degree of readiness
required or PPB's maintained in squadron "ready
storage.” With a PPB in a particular state of
preparedness, with of making final
adjustiaents prior to a specilic mission, it is of

SRR
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considarable interest to know the potential flexibitity
of the system under these conditions. More specific-
ally, the questions arlse as to whether the Rascal
weapon can g shorter
ranges than the maxlnmm, snd whether the launch
conditions can be altercd without necessitating addi-
tional adjustments to the PPB. A study has been
initiated to obtain answers to these and similar
questicns.

2. STRUCTURES
a. General

report, No. 56-042-111, anows detailed weight =nd
balance data for No. 16, which s an RED s shicie that
has interim guidance and is recoverable.

Design isions are nearly plete for the
nose and aft body of the F-89C afrplane whicn will be
used to simulate the XB-63 (see Sectfon I, Support
Afrcraft). An analysis report covering the major
structural changes to this aircraft is being prepared
for submittal to WADC during the next quarter.

b. Criteria and Loads

Work 18 continuing on the design loads distri-
buuon for the production version of the Rascal PPB

The cover:!
analyses for Model 501-‘ airirames were submitted to
WADC for approval:

(1) Report No. 56-941-013, Appendix B, "Aft
Horizontal Wing"

(2) Report No. 56-941-014, Appendix B, "Aft
Vertical Surface™

(3) Report No. 56-941-015, Apperdix B, “Rud-
der"

Fuselage structural reports, iisted as Volumes
IV and V, Part II, Appendix B of Report No. 56-941-
017, are being prepared for the Model 56F PPB.
These volumes are expected to be submitted to WADC
during the next quarter,

Preliminary structural design effort was con-
pleted during this quarter on a newaft horizontal wing
with a thinner section (4% instead of 6% at the root)
and a half-blunt aileron.

New concepts in the method of shipping and
storing Rascal PPB's has resulted in stopping all
structural work on the shipping containers originally
Pplanned for these applications. Other ground hand-
ling equipment is also being reviewed for possibl

The basic total loads calculated earlier
were utilized to determine the load distribution for
the critical supersonic flight conditions. Similar
load distributions for the critical subsonic flight
conditions are nearly complete, A formal report
providing basic load and load distribution data will
be issued after the calculations for subsonic flight
conditions are complete.

The structural strain-gage analysis iscomplete
for PPB 0914, the first XB-63 to be equlpped with
structural atraln-gsge
presented in Bell Aircrait Report 56-! 941 ~025, 'strain
Gage Analysis ~ Rascal PPB 14B Flight," was sub-
mitted to WADC for their information.

Calibration data as well as numerous changes in
maneuvers, weights, and telemetering for PPB's 21
and 25 are presented in Revision I of Bell Alrcrait
Report 56-941-024, "Preflight Data — Structural
Flight Load Survey, XB-83." This report has been
submitted to WADC for approval,

‘The Bell Alrcraft Specification for nitrogentuba
bundles was amended to incorporate the final proof-
test pressures and volumetric sets which serve as
criteria in acceptance testing. The specification
was also revised to include the lutest structural re-

design tmprovements.

Estimated weight and balance data for PPB
Model 66 were prepared for insertion in Specifica~
tion No. 66-947-011. These data, summacized in
Table V, cover a basic missile configuration wherein
{fuel and oxldizer tanks utilize internal bladders for

q ts relative to vib tests.

c. Static Test

Bell Aircraft Report 56.920-019, "Static Test
of XB-63 Series 56F — Program Report,” was sube
mitted to WADC, This report defines in detlu the
structural tests to be conducted XR-63ai
Ap y draft ing the 3 test

expulsion, and an alternate conflguration 1
of a "bladder fuel tank anda h d

tank with an internal small-cone-shapsd compartment
to facilitate expulsion.

A report of actual weights for Model 53B PPB
No. 16 was submitted to WADZ for approval, This

’i ‘was previously dllculm with WADC, and
the fins~ report as submitted incorporates WADC
comments. The start of the structural test program
has been postponed to 15 October 1954 because of
a rescheduling of delivery of & PPB airframe to the
Structures Laboratory.
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TABLEV
WEIGHT AND BALANCE SUMMARY

RASCAL PILOTLESS PARASITE BOMBER
USAF B-63A, Bell Afrcraft Model 66

Basic Alternate
Configuration Conf
Weight Hor CG Weight Hor CG

(1v.) {Fuse. Sta.) [119]

(Fuse. Sta.)

Gross Weight |18161.5
Launch Weight | 18098.7

Empty Weight

2260

5872.3 2348

18220.6 224.6
18149.2 224.5
5836.1 ‘348

A structural test report, No, 56-929-021, "Static
and Operational Tests — R&D Modifled Transport
Carriage,” was submitted to WADC. An operational
transverse test will be conductedonthe PPBtransport
¢, rlage after modification of the transverse drive
has been completed,

An alloy han dizer tank
has been subjected to two aging chle- during a
corrosion fatique test in WFNA. Boththe "mechanical”
and “bladder” configurations of the $18-T aluminum
alloy propellant tanks have been tested at & proof
pressure of 150 psf. A fatigue test, consisting of &
serles of 2000-cycle runs at 0 to 60, 0to72,and 0

pressure for production-type tube bundles was estab-
lished at not lower than 13,000 psi nor higher than
16,000 psl. Proof and burst testing of qualification
colls was completed and fatigue testing has started.

d. Laminated Plagtic Airframe

As recommended by Bell Alrcraft and approved
by AMC, will be dedtothe ly

Alrcraft Corporation and the Young Development
ubontorle- for the study and design of plastic
of the XB-63. Study
and design specifications defining thll work were sub-
mitted for pp 1954,

to 96 pst, was dona

1cal” oxidizer tank. A similar test isbeing conducted
on a "bladder” oxidizer tank; a run of 2000 cycles
at 0 to 60 psi has been completed.

The development testing of the nitrogen tube
bundles (with 0.065 walis) was completed. A proof

After nga revisedcost from y
Bell Atrcraft {ssued a letter of intent and work was
initiated onthe materials study for the selected com-
ponents. It is anticipated that agreements will be
reached with the Young Development Laboratories
early In Ociober. This will enable them to proceed
with their portion of the materials study.

F. Dynamics

1. GENERAL

" toal yses, dy 1 and
data 1 d are 1 steps in
the development ol the B-63 Weapon Syltem.

Mathematical analyses deal with the operational
probleml o! the weapon system and lhe converaion
of ing p to

Tudy, of their ]

Current progmn- include error analyses, logl.uni
and of

Dynamic analyses to date have Included flutier
yeis and ground tests, the
and of the of tise
missiie during its various phases of operation, and

P!

During 1950 it became evident that the reliability
of the Rascal weapon would be seriously affected if
the over-all vibration problem were no’ solved. Vi-
bration surveyd since thenhave establishedthat weapon
system p ts should Le designedto requirements
including the § to 500 cpstrequency range. Originally,

ments.

the range limits were 5to80cps. In 1951 construction

BELlo At
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was started on avibration simulator that wouldbe used
tc vibrate the complete missile during its final sys-
tems test. This simulator, Figure 13, was completed
in May 1953 and, beginning with PPB No. 1117, was
used during anl checks to determlne the reliablmy
of XB-63 missiles under that
paralleled operational conditions.

More recently XB-63 flutter analyses have indi-
cated that surface fluiter at various altitudes doesnot
occur at subsonic ané supsrscaic speeds up to Mach
rumber 2.5.

Missile data processing techniques, which had
their beginning withthe earliesttestingof the MX-776A
Shrike missiles, were used for both presenting and
ln!erpreunz data obtained during tests, Presentation

the ¢ lation of original data into graphic
expressions to facilitate data mlysls. These test
data are then compared with %o final flight-test
performance of the PPB, and used to segregate re-
cordiag and instrumentation errors as well 2atohigh-
light various correlations which may exist. By using
automatic data processing facilities and preliminary
, it is now possible to furnish test

results within 12 houts after raw data are received.

The B-63 weapon rellability program was initiated
in July 1963. Its general purpose has been fo collect
and analyze data from which the reliability of the
tactical B-63 weapon lyltem can bepredlc!ed. Durlng
the researchphase of
purpose has been to polnt out and emphnue problem
aress In the various weapon components to aid in
early and of these probl

Figure 13. Rascal Vibration Simulator

* This alsoindicatedthat most malfunct!
could be expected during the first ten seconds of
bypass. Subsequent bypass operations bore this out
and an { 1 was launched. As a
result, several changes are being made to the power
plant. The modified power plant willthenbe carefully
tested and the results will be compared with those
obtained from past analyses. The specific techniques
used in these analyaes as well as the detailed results
obtained are described in the Bell Alrcraft Quarterly
Reliabllity Reports mentiosed previously.

To improve the techniques which have been used in

To date major emphasis has been placed on de-
terraliing and improving the reliability of individual
components, and data collection and analysis tech-
niques have been established. As more flight data
become available, while the weapon approaches its
operational status, weapon system reliabilities will
become more definite. Atthepresentiime, increasing
emphasis is being placed on component system

y Detalled d of the Yy pro-
gram are presented in Bell Alrcraft Qurtorly Relt-
ability Reports, Nos. 56-989-101, -102, and -103,

2. RELIABILITY

The prccess of svaluating and amlyzlng thn n-
Mabllity of comp
during this quarter. A :tudy ol Bucu rocket engine
rellability, for hat & of
all malfunctions occurred during the fnitial bypass

seilability, several IBM procedures are
being revised. Inthe past, all reliabilities were cal-
culated by hand, But, if the results of selected
samples are sufficiently repetitive, all reliabilities
can be calculated mechanically. It will then be pos-
sible to maintain a continuous check on each compo-
nent by d ing the IBM 1 to provide a
periodic list of all components which fall below a
preset standard. In this manner, a more accurate,
up-to-date listing of units with lorsr retiability will
be obtained, Also, parsonnel whohave been calculating
rellabiiities will be {ree to investigate more com-
ple!ely thou unlu which exhibit lower reliability and

1 ining both missileand

or
welpon system reliabilitics.

* During bypass, the gas genarator of the power
plarc drives the turbine propellant pump to which
the electrical sund hydraulic power units are at-
tached, In bypass, electrical and hydraulic power
1s provided but the propellants are returned to the
tanks.
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The techniques described here, as wellastl e more
common ones which are used in other poises of re-
liability work, will be presented to a group of WADC
personnel on 12 and 13 October 1954, Part of Bell
Alrcraft's rellability effort has beentoprepare charts
and samples of IBM runs and other descriptive mate-
rial which will make clear the basic methods used in
the relfability program. Inanswer {0 a specific re-
quest by WADC, similar material (1.e. S2ample Forms,
Codes, etc.) is being prepared for transmittal.

Although not a planned part of the over-all reli-
abllity program, reliability data have proven Invalu-
able in 4 g Spares req
personnet have, on several occasions, been called
upon to assist in determining the number of spares
needed to malnmn certain phases of the Rascal test

"mechaniaf all spares re-

qulremente, as based on past performance, are being

ds were used to deter-

mine the number of spares needed .o support the

“Hi Valu” items which will be used inthe AFOST pro-

gram. From the foregoing trend, it is expected that

reliability will assume 2n increasing role inthe spare
parts program,

3. WEAPON INSTRUMLNTATION ANALYSIS

Pilotless parasite homber No. 0914 was flight-
' tested with 2 low-pressure power plant at HADC on
¥ 22 June 1954. One purpose of the flight was to test
the tering inst ard data
methods o be used for obtaining s!ructural flight
10ad data on three future PPB's.

The following can be satd of {nstrumentation capa-
bilities during this test:

{1) As with the previous flight teat of Rascal No.
0812, telemetered power-plant data on 0914
continued to show acatter due to vibration of
the end Instruments. This scatter did not
lerlously hamper power-plant analysis which

fon during all
planned phases of initial bypall, boost, crutse,
and {inal bypass.

(2) The first reduction of structural (flight-load)
dats Irom straln cages mounted on the aft
horizontal surfaces of the PPB was completed
during July. Inf fromload
performed at HADC, 9 May 1954, was used in
reducing these data. The HADC calibrations
consisted of applying loads of 0, 1000, ard 2000
pounds downward at known locations on each
aft wing, With known arms between loadappli-
cations and strain-gage locations and a known

trace deflection for certain bending inomentsat
each gage location, the determination of bending
moments versus time at various spanwise lo-
cations presented no difficulties,

‘There was no recalibration botween 9 May and
2% June 1954, the date of the final flight. Since there
were obvious zero shifts on some gages, this com-
plicated the problem of determining the beat curvesof
trace deflection versus bending moment of each gage.

Flight load data were obtained from 7 of the 10
gages mounted on the wings. Quartitative and quali-
tative results were encouraging when compared with
wind-tunnel data and telemetered flight data.

Mtssile No, 21, which has strain gages installed
on forward and aft vertical and horizontal surfaces,
18 expected to be flight-tested early in the next
quarter. It 1s planned to recalibrate these gages
immediately prior to the fiight by using resistors to
simulate loads,

Rascal XB-63's 1016 and 1117 were flight-tested
primarily to test power plant operation and servo
pllot control during climb and dive, and to evaluate
the pressure-sensing system for development of the
warhead fuzing system. A secondary objective wasto
evaluate the guidance system. The ability of instru-
mentation to provide adequate data onthese objectives
was as follows:

The powr plants of both mluﬂes shut down pre-
maturely i diately after

occurred. Available flight-test data revealed no
reason for the malfunstion, but a caveful correla-
tion of all other data provided information regard-
ing the time of engine cut-off relative to rocket
{iring and separation of the misslle fcom the um-
bilical cable. This information was compared with
test data from ground {irings at AF Plant No, 38
to establish the most probable causes of the pre-
mature shutdowns.

As a result of this investigation, PPB No. 21 was
modifisd to simplify the rocket control system and
the method of launching was chxnged Rascal No, 21
18 now equipped with inst 1yze launch
and power-plant operation.

Because of the premature engine shutdowns on
missiles 1016 and 1117, in-flight evaluation of the
servo and guid t was not possible. All
data from these systeras were adequite for analyzing
the performance of systems during the prelsunch
phase of operation,

=

e
JUNBEEDE s

l BELigZwmf e

38 SECRET

TRy f

VSN

=TT
o el




———

-
—
ey

~—

—_—em e e Y T T

e - -

F=mey Py BN NN R

SECRET

[ S s

The objeciive of evaluating the pressure-sensing
gystem for development of the warhead fuzir X system
wae limited by the effect unstable flight had on static
P and The desired test of
the pressure-sensing system was not obtained. Itcan
be concluded in the case of No. 1117, however, that
ine Vibrotron aitimeter provided the best source of
altitude data, Inthe case of No. 1016, Vibrotron data
were affected by difticulties at the r ing stations;
this did not refl2ct on the capabilities of the altimeter
itself.

4. OPERATIONAL ANALYSIS

More than one-thousand simulated runs have been
made to determine the combined effects of midcourse
errors, terminal guidance errcrs, and delayed target
recognition on the dispersion of ground burst agains
ideal point-targets. The following equipment was

used:
(1) A gutd 8 station, plete with
conkrol stick and cathode ray oscllloscope.
{2) A network of anal and servos

as described in Belt Atrcraft Report 56-978-015.

(3) An automatic plotting board for recording alti-
tude versus range and azimuth versus range
during the terminal dive.

For each simulated flight, initial conditivns that
were assumed to exist at the initiation of terminal
dive were introduced into the computers. The “'dive”
switch was then used to cause the PPB to dive at an
angle of 30°. The changes in position of the target
relative to the PPB were noted by a guidance operator
who sent appropriate commands to the PPB. The
range and azimuth errors at the target were recorded
and converted to miss-distances.

A study of the resulting data {ndicated that for
each given conditfon of welght, velocity, aad target

it was possibl tablish in a hori-
zon!a. plane at 60, 000 feet an area of termiinal dive
the mt 1 was less than

1500 feet,

The probability that dive initiation would occur
wituln this area of terminal-dive positions was de-
tecmined.  Since midcourse accuracy deterforates
with increasing range, the percentage of terminal
dives starting within this area decreases at longer
range, emphasizing the importance of ezrly target
recopnitfon,

Figure 14A represents the remlts obtalncd whien
the following conditions are assumed to exist as the
termial dive 13 initiated:

Velocity 2950 ft/sec
Weight 10,006 pounds
No winds during dive

Altitude 60,000 feet

The simulated data have been analyzed in an i
attempt to determine the dispersionof miss-distances :
as a function of the time whichelapsesbetween initia-
tion of dive and target recognition, The same flight
conditions were used. Figure 14B shows the variation
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of the {sg-d: as a function of target
recognition xlme. A report on this analysis is being
prepared,

5. B-63 ABROELASTIC STUDIES

A report on the flutter analyses of the Rascal B.63
{s being compiled. This report will include;

{1) Symmetric flutter analysis of the forward hori-
zontal surface up to Mach number 2.5 and at
altitudes of sea level, 30,900, and 60,000 feet.

(2) Symmetric flutter analysis of the forward hor-
{fzontal surface {ncluding the effects of fuselage
bending.

(3) Symmetric flutter analysis of the afthorizontal
surface for subsonic speeds ai aititudes of sea
1evel and 30,000 feet.

{4) Antisymmetric flutter analysis of the aft hori-
zontal surface for subsonic speeds Including
the effects of roll degree-of-freedom.

(5) A two-d {-treed b flutter
analysis oi the aft vertical ﬂn.

The {ive-degree-of-freedom symmetric flutteran-
alysis of the forward horizontal surface including the
effects of fuselage bending was completed for sub-
sonic speeds at sea level. It was found that fuselage
bendirg has a negligible effect on the flutter stability
of the forward horizontal surface, and the roots cor-
responding to the fuselage mode have essentially zero
damping.

Flutter analyses investigating the possibility of
coupling of the vertical {ins and rudder system with
fuselage side bending are now being conducted.

A preliminary flutter study of a (proposed) thinner
aft horizontal wing nurface indicated atability for sub-
sonlc speeds and a supersonic speeds of M = 2.5,
A more complete analysis is belng prepared for cur-
rent speeds and altitudes and those likely to be con-
sidered in the future. All parameters necessary for
this flutter y will be detatled in Bell Al ft
Repcrt No. $6-984-013.

6. B-63 FULL-SCALE VIBRATION SIMULATOR

The study of XB-83 malfunctions res\xmng from
shock and has been b P
systems tests under full-scale vii {
have been completed on six m: sauet Nns. 21, 22 23,

Y

Analysis to date has yielded the following pertinent
tnformation:

{1) The sensitivity of the varlous component sys-
tems of the B-63 to vibrational excitason has
been established, Of the total number of mal-
functions which occurred during the vibration
tests, 59 percent occurred in the pitch, yaw,
and relay antenna systems.

(2) A definite tendency toward correlation appears
betucen the plane and frequency of vibrations
and the ncidence of malfunctions. This fndi-
cates that to obtain more conclusive resulls,
vibrations must be applied in both the vertical
and longitudinal directions. The greatestnum-
ber of malfunctions occurred during low fre-
quency (15 to 126 cps) vibration.

(3) Malfunctions that occurred during vibration
tests were usually those malfunctions that ap-
peared most frequently in PPB s undergoing
preflight and captive flight tests.

7. STATIC FIRING VIBRATION SURVEY

in junction with tel ing {Secn
tien 11, D), methods of reducing dav from the
static {irings of PPB No. 1319 have been established,
Preliminary results of the method which utilized only
band-pass filters correlated well with hand-reduced
data; this method proved less tirie-consuming than
other methods.

‘The data reduced from the static :.riags of PPB
No. 20 were found satiafactory for only two of the
firings. During static firing No. 2, data were re-
corded directly from six Consolidated velocity pick-
ups (type 4-102A); during firings Nos. 2 and 4, tele-
metered data were obtalned from seven velocity
pickups (type 128), These data along with other data
will be used to determine standards for PPB vibra-
tion testing.

8. VIBRATION TEST OF THEXLR.67-BA-1 ROCKET
ENGINE

The vibration tests described in Bell Alrcraft
Speciftcations Nos. 56-935-027 and 56-947-027 were
performed upon the XLR-67-BA.1 flight approval
engine, Serial No. 12, The test results are presented
in Section I, B, Propulsion.

9. CAPTIVE FLIGHT V!BRATION SURVEY

Pr are being made to conducta vibration

24, 26, and 28. The resumngda!aontha 1
obtalmd are now being analyzed.

survey of the DB-36/XB-63 combination during the

BELl At as
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PPB mating and captive flight program scheduled for
the next quarter at HADC,

The information destred is the vibratory response
of Rascal PPB duiing captive flight in a DB-36
director aircraft. ‘k‘hls ls a part of lhe over«all

to 4 of
the XB-63 from which vlbrmon test cri(erh can be
established.

10. VIBRATION TECTS ON N TUBE BUNDLES

In accordance witi; requests from WADC, prepara~
tions have been made to vibrationstest nitrogen tube

G. Armament

1. GENERAL

I order to achieve weapon status, the armament
system of the Rascal PPB must undergo extensive
testing.  Sufficien? test planning is included in the
over-all development program to ensure proper
functioning and to obtain ultimately a high degree of
accuracy and reliabiity for both primary and second-
ary ds and their {ve fuzing
However, at the direction of WADC, work on secondary
warheads is being held In abeyance. The armament
system specification, No., 56-947-377, was released
after deletion of all referencestosecordary warheads.,

2. WARHEAD

The Rascal missile has been designed to accom-
modate warheads up to 5000 pounds.

The warhead is carried {n a section of the Rascal
B-63 between the forward -wing and the oxidizer tank.
The Jower part of the airframe at thn aecuon serves
as a 1 door for A
dorsal door, approximately fourteen inches square,
provides access for arming the warhead. The war-
head comper unt, Figure 15, isessentially cylindr-
fcal with & rn.~imum diameter of 44 inches and an
over-all leagth of 75 inches.

3. FUZING

Through a sequence of safety feature-, the fuzing
system arms and d tes the

18 triggered by an aneroid switch which can be preset
to operate at a proper pressure altitude to satisly

altited of various warheads
and largetl. The preuuro-amtude setting can te
y from the direct { ft during

the prelaunch phne.

bundles. (Tube bundles, integral part of the B-63
propulsion system, are described in Section II, B,
Propulsion.) The purpcs? of this test s to ucenain

the adequacy of tube bundles under vibratory condl-

tions, Test specimens are to be vibrated at critical
frequenctes for a period of 25 hours with a force of !
not less than 2g.

The tube bundles will {irst be placed in containers
that simvlate secticas of lhe PPB where bundles are
normaliy locatea. ach container willthenbe mounted
to a stand resting on C
and stands have been fabricated and test preparations
are being made,

a, Design Configuration
The fuzing system specification, No. 56-947-320,
which indicates the latest design requirements, has
been submitted to WADC for approval.

b. Pressure Sensing

Static and dynamic lag tests on PPB's Nos. 26
and 48, and on mock-ups of the pressure-sensing
systems of these PPB's, have been completed. The
results of these tests are being evaluated.

Starting with atrframe No. 18, pick-ups are
used for gathering pressure-altitude data during final
flight testing. These data are telemeteredtoa ground
station and are corapared both with Askania datafiom
the flight and with the preasure data ordinarily tele-
metered from the pressure-sensing system. Thus,
this comparison provides anadditional means of eval-
uating the over-all of the p: ‘4
system.

¢. Components
(1) Fuzing Baroswitch
Results of the evaluation tests on the MC-5
baroswitches are being studied. Some modificatione
may be recommended.

Development ¢f improved baroswitches ta con-
tinuing at Marning, Maxwell & Moore, Inc.

(2) Arming Baroswitch
The recults of the evaluationtestsonseveral

MC-273 baroswitches are also beirg studied. Some
retests are being conducted (0 verify the original teat
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Figure 15, B-63 Warhead Compartment

Evaluation tests heve been completed ontwo
arming baroswitches devel¢, iby Manning, Maxwell &

Moore, Inc. Certain vibration susceptibilities were
d d. More tests are under
way to substantiate the original test data.
(3) Timer
sults. The posaibility of condusting rotary accelera-
tion tests on these units 18 belng investigated.

Evaluation tests on the repeat-cycle d-c
motor-driven timer manufactured by A. W. Haydon
Company have been completed with satisfactory re-

(4) Contact Fuze

The equipment to test the MC-300 crystal
contact fuze (supplled GFE) has been received from
tho Afr Force Special Weapons Center, Calibration
and general information tests are being conducted on
a number of these units.

{5) Power Supply

The MC-272 Daitery assembly, avallable
GFP, has been selected as the sourcs of power for
the PPB armament system. To dxis, batteries and
test equipment for use in evaluation tests on this
power supply have not been recelved.

— T
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H. Training

1. GENERAL

The training equipment for the Rascal Weapon
System can be divided into two categories equipment
such as claagroom demcnstrators for trainlig main-
tenance persornel, and operational equipment apeci-
fically designed for training tactical personnel such
as guidance operators. Closely tied in with the

1 training equi t, an analysis is being
made of the duties and responsibilities of the B-63
guidance operator.

As work progressed, two sets of demonstrator-
type tralning equ.pment evolved. One set, the Clau-
room D
with an R&D conllgurauon based on WADC Exhibit
MCREXE 95-339. These are now being used to gain
vknow-how" with this type of equipment, and to help
establish a weapon system training program for both
Bell Aircraft and Alr Force personael. The second
set of type training i t are
Mobile Training Units (MTU's) as defined in AF
Exhibit WCE-280. (The requirement for MTU's was
established by ATRC.) These MTU's will be similar
to the Classroom Demonstrators, but will incorporate

t from the rather than the R&D
PPB and its director atrcraft.

Representing the operational-type training equip-
me..t, the Rarcal Guidance Operator Trainer (RGOT)

has a conflg sration which is based on AF Exhibit
MCREXE 95.340. The RGOT will provide guldance
operator tralning as realistically as possible.

€l D 8 {for the PP ddirector
aircraft have been comoleted and are being used in
with tion Program for Alr
Force Stalt Omceu, Figure 16, This program
began at Bell Afrcrafton12July 1954and will continue
wntil 22 October 1954, After this date, the demon-
strators will be used by the Bell Alrcraft Service and
Tralning Sectlon as alds in the Contractor=
conducted Factory Tralning Program at Lowry and
Chanute Alr Force Bases.

The prototyps RGOT s in the hardware stage and
it is anticipated that this tratner will be operative by
December 1554 when a demonstration for the Air
Force will be made. Since 19 August 1955 has been
establiched ¢s the starting date for training guldance
operators under the Factory Training Program, the
deltvery date for the AN/APQ-T2A (to be combined
with the prototype RGOT) has been establishedas )
March 1955, This schedule wlil provide the lead

time required for getting up the T2A with the RGOT,
and wil! allow for test and problem setup prior to
August 1953,

The Bsll Alrcraft specification for a slmplmed
Optical Radar 81 has been
negotiation of a subcontract for fabrication of thls
unit is under way.

A te.tative outline for conducting an analysisof the
B8-63 Guidance Operator's job was prepared and
submitted to WADC at the end of this quarter.

2, MAINTENANCE TRAINING EQUIPMENT

2. Classrcom Demonstrators

P of the CI D
used in the Staff Officer's Orfentation Program at
Bell Atrcraft has been satiefactory.

Since the Inertlal Guidance Demonstrztor, Figure
17, was incomplete when the Air Force conducted its
recent of XB-63 ato-~s, thistraln-
ing ald together with the Director Alrcraft Demon-
stratces will be presented for Air Force inspection
late in December 1954,

Destgn of the Fuzing System Demonstrator hus
been completed and 1s being released for fabrication,

mﬁggué:sng"
' ipex AL

Figure 16, Orlentation Program for AF Staff Officers
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Figure 17, Inertial Guidance Demonstrator

To ensure that this design is up to date, work was
dehyed until design of the PPB tuzxng systembecame
of this ator is ex-

The Radar was d

{rom the Hillyer Instrument Company in July 1954,
and 28 yet has not teen completely integrated with the
RGSS. The work, which started on this equipment in
July, has included setup, debugging, rework, modift-
catfon, completion of some units, and evaluati>n of
the optical system. In evaluating the optical system,
« method had to be established for properly aligning
the optics before the actual alignment could be ace
complished, Preliminary results of this alignment
and evaluation indicate that rigidity, light trans-

3 resolution are g factors of the
optfcal system. Plans for design improvement of
this system have been held in abeyance pendng
evaluation of the entire optical-video system of the
simulator. The present light source provides in-
sulffcfent light. A solution of this problem is closely
related to the vptical system. Work in this area will
continue during the next quarter. A report on the
Optical System by Hillyer's optical consultant was
received in September 1954 and is being studied In
conjunction with Bell's own findings.

The Hillyer map (which was not tested at
Hillyer) is incomplete and remains to be evaluated.
The use of » Rell-developed map with the Hillyer
Stmulator s presently planned, and tests will be

pected to be completed by the end of D ber 1954,

ducted as soon as tie optical-video system of the

The Model 312 test equipment for director alr-
craft will be complete and readyforuse in conjunction
with the Alr Force inspection of Director Alrcraft
Demonstrators, Fabrication of this teat equipment
proceeded on schedule throughout this quarter.

b. Moblle Training Unite (MTU's)

Dnlax of the PPB MTU 18 belng delayed untit

a finalized and ation for the B-63A

{8 estabiished. It is expected that construction of the

I'PB MTU will begin concurrently withthe manufacture

of the B-63A, However,designof the Director Atrcraft

MTU ll ptoceedmx, based on the present Mod<i 110

Fal of ths Lirector

Afrcraft MTU will be scheduled 1n & munner which

will permit it to be completed concurrently with the
B-63A MTU.

3. OPERATIONAL TRAINING EQUIPMENT
. Rascal Guidance System Simulator (RGSS)

The RGSS, deaigned to servebothasan R&D tool
for the Hascal Weapon System and as 2 design model
for tha RGOT, is being usad for various Rascal R&D
studtec.

1s ready for operation.

Design of Jamming equipment to be used with
the Radar Simulator {s complete and preliminary
units are belng fabricated.

b. Rascal Guidance Opsrator Trainer (RGOT)

Design of the prototype RGOT (DB-47 version)
is complete except for the permanent-type shipping
crates. Design of a DB-368 atation for use with the
RGOT has been started and will be completed in time
to allow manufacture of this unit by August 1955 {inl-
tiation of guidance operator training). Authority for
fabrication of thiy unit has not been received from
the Alr Force.

The status of RGOT hardwareisasfollows: The
power unit, Figure 18, is complete and will undergo
keuun: in October; me DBA'I guidance station will be
will
begln in mid-October; the instructor's console is 30
percent complete.

The P. C , Figure 19, recelved
from Electronic \nocllte-, Inc. late {n this quarter
will undergo testing early in Qctober.

The USR Simulator, which will become 2 partof
the prototype RGOT, waa discussed {n Sectioa 3A,

!
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Flgure 18. Power Svpply Cabinet and

Motor Generator for RGOT

Figure 19, Programmer Computer for RGOT

Liaison was estal d with A Macht
and Foundry Company to obtain information on sny
cabling modifications required to interconnect the
AN/APQ-T2A and the RGOT, Soms information was
received and is being evaluated in terms of work to be
accomplished.

A meeting was held at SAC ronccrning terrain
maps to be used with the combined tralners. Per-
sonnel at SAC concurred in this contractor's con-
clusion that no exacting relationship need exist be-
tween the two maps,

The breadboard model of the Bell-designed
Optical Radar Simul has been usedtod
to Alr Force Staf Otficers the "blows)" of the Rascal
radar picture during terminal dive, Procurement
specifications for this unit, which cont: ins computer-
controll.d map drives, movable cursors, and 2
superior optical syitem, have been comnleted and
{nit! with a qualified cpdcal subcont
tor have taken place. It is anticipated that the sub-
contract can be placed by mid-Octover.

BEL WW CONPORATION e
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Development of map making techniques con-
tinues. As a result of a visit to SAC this quarter,
Bell Afrcraft was able to obtain prediction data for
Kansas City; these data are in the most up-to-date
form used by SAC. It is planned to fabricate a Bell-
type radar simulator map of Kansas Cityaadto obtain
scope photos from the breadboard model cf the Bell
Optical Radar Simulator using this map. Then,actuai
scope photos of Kansas City will be provided by SAC
to permit a preliminary evaluation of the Bell Alr-
crat map., Some of the basic techniques employed
in this map making program are lllastrated in Figure
20, Shown in this {igure are the clay relief model of
the area to be portrayed on the map, a female plaster
mold of the clay model, and the final relief model
which is a cast 1 of a fiber-gl f d
plastic backing with an aluminum foil surface, This
latter model is now ready for surfacing.

¢. RGOT Evaluation

An important requirement for this program is
one of obtalning a variety of radar scope photos.
It is planned to obtain most of these during the F-89C
{light test program.

4. JOB ANALYSIS, RASCAL GUIDANCE OPERATOR

An outline plan for lishing the job y
program was submitted to WADC for review. Most
of the work required for this analysis will be done at
HADC using the prototype DB-36 and DB-47 alrcraft
now at that facility, and will be accomplighed in
conjunction with the captive flight test program on
PPB No. 48, As presently planned, this work will
begin during November 1954.

A. Clay Reljsf Model
B. Female Plaster Mold
C. Final Relief Model

Figure 20. Basic Map-Making Techniques

I. Support Aircraft

1. GEFERAL

The director alrcraft which form an Integral part
of the Rascal weapon system are converted B-38,
B-47, and B-5. strategic bombardment alrplanes,
redesignated as DB-36, DB-47, and DB-52. Thelir
primary missfon is to carry the B-63 pllotiess
parasite bomber to a poirt not more than 90 nautical
miles from a target, and to launch the PPBata
particular altitude and heading toward the target,

During the R&D phase of the Rascal flight-test
program, three types of director aircrait are to be

used. The DS8-50 director alrplanes, because of
their availabllity, are being used early fn the pro-
gram. Later, the DB-3% and DB-47 directors will
be used for flight testing Model 56F mtssiles (Nos.
46 to 78).

2. DB-38 PROTOTYPE DIRECTOR AIRCRAFT

The DB-36 nas been designated the first-priority
director for the B-63. The PPB is carried partlally
withia {ts bomb bay, and 18 mounted with zero angles
of headirg and roll and as small an angle of attack
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a5 possible. Detailed instatlation requirements have
been issued in Bell Aircraft Report No. 110-847.034.

The st and the of
Rascal guidance equipment in the first DB-36, serial
No. 51-5710, has been completed by Convair, This
director airplane las completed radio interference
tests at Walker Air Force Base ard contractor tech-
nical complance irspection &* Fort Worth.

‘The airplane was transferred to HADC in July
1954, At present, flight-test instrumentation is being
installed and a flight crew famillarization program is
belng conducted. After 2 PPB mating and a captive
Qlignt program have bren completed, the DB.36 will
be used to launch PPB's.

Late in July 1954, Bell Aircraft Corporation was
advised that the second B-386, serial No. 515706,
had been transferred to Convair and that modification
wag in progress. Personnel from Bell's Service and
Training Section were assigned duty at Convair,
Fort Worth, on 1 August 1954 to assist in bench
checking, instamng, and ground checking the Rascal

p for this ft. The DB-36
ls scheduled for delivery to Bell Afrcraft/HADC on
15 December 1954,

3. DB-47 PROTOTYPE DIRECTOR AIRCRAFT

Detalled installation requirements for the DB-47,
designated aecond-priority director for tne B84,
have been issued In Bell Aircraft Report No.
110-947-005. The PPB carried by the DB-47 is
attached to a spar protruding from the fuselage, and
mounted §n an attiiude 3o that the heading angle is
zero, the angle of attack is as sma)l as possible, and
the angle of roll does not exceed 13°. The Rascal
guidance equipment aboard the DB-47 fs essentially
the same as that used in the DB-36.

The Boeing Alrplane Company has completed the
ic and tests utilizing DB-47,
serial No, 51-5219, and 2 simulated pilotleasparasite
bomber,

On 3 September 1954, the DB-47 and the simulated
FPB were tranaferred to Edwards Alr Force Base
where extensive flight tests are to be conducted,
Since this DB-47 is structurally equipped to launch
PPB's it will be used to drop the simulated missile
after the Alr Force flight evalvation iscomplete. The
DB-47 is scheduled for delivery to Boeing, ‘Wichita,
early In January 1955 for installation of Rascal
guldance equipment.

Modulcatl"r of 2 secondDB-47, seml No. 51-5220,
and the fon of Rascal @ P

were complated by Boelzg. Radic interference noise

tests at Walker AFB and contractor technical com~

p:lhnw msp“mn at Seame have been completed on

this airp) DB-47

to HADT on 26 Auguat WM. lnaccordance with AF

Form ’!o. 265 inspecm' of this atrcraft hag been
)! of fnstr isunder

m\y. After 2 PPBmaungandacapﬂve-tl!ght program

nave been leted, this

used to launch PPB's.

4. R&D AIRCRAFT

In the R&D program, four B-5('s, one B-17, two
F-80's, and one F-89 are being used 2s follows:

(1) The EB-50D ferrying airplane No. 2 (USAF
No. 48-069) is equipped to ferry PPB's, Either
two-point or four-point support fittings may
be veed, and to either confi
can be made in 24 hours.

(2) The EB-50D director airplane No. 8 {USAF
No, 48-068) is at the Wheatfield Plant. Since
this ajrplane s no longer required in the
flight test program, it will be returned to the
USAF early in the next quarter,

(3) The EB-50D director airplane No. 4 (USAF
No. 48-075) is at HADC. This aircraft is
equipped with four-point launch gear and two-

4 qt for 1 h
XB-83 airframes Noa. 12 through 35.

{4) The EB-GUD director alrplane No. 7 (USAF
No. 48-111) s also in use at HADC, Thie
aircraft is equipped wuh four-point launch
gear and ¢t b} for
launching XB-63 alrframes Nos. 12 through

(5) The EB-50D ferrying airplane No. 12 (USAF
No. 48-126) is equipped to ferry PPB's. Either
two-point or four-point support fittings may be
used, and conversion to either configuration
can be made in 24 hours.

(¢} The EB-29K ferrying airplane No. 10 (USAF
No. 45-28171) was returned to lhe USAF on
30 July 1954,

(7) The EB-17G alrplane (USAF No. 44-83439) is
being used for developing components of the
director and XB-63 guidance systems, The
alrcraft is belng operated at Bell Alrcraft/
Wheatficld in conjunction with the EF-80B
airplane (USAT 44-8485).
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Figure 21. F-89C Simulated Rascal PPB celved from the USAF in May 1954, is being

Relay Antenns Package
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(8) The EF-80B airplane (USAF No, 44-8484),
being used to simulate the Hascal pilotless
parasite bomber, is equipped with X-band.
search radar, and rejay and command equip-
ment. This simulated PPB is stationed at
HADC to check out alrcraft assigned as XB-63
directors and to train guldance operators.

e ey peeasy
e N ]

(9) The EF-80B airplane (USAF No. 44-8485), also
used to simulate the XB-63, s operated at
Bell Alrcraft/Wheatfield in conjunction with
the EB-17G airplane (USAF No. 44.83439) to
flight-test electronic e, *ipment.

(10) The F-89C airplane (USAF No, 51-5814), re-

I s Rl e
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Guldance Capsule Guidance Operator's Station
Figure 22, Model 110 Guidance Svstem In DB-36
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modified to simulate the Rascal PPB. Work
onthis modificationis scheduted for

The second set of Modei i10 guidance components

ouring the next quarter prior to flight testing.
The F-89C, Figure 21, will ultimately be used
in the R&D program for developing components
of the XB-63 and its director aircraft.

$. DIRECTOR AIRCRAFT GUIDANCE EQUIPMENRT

That part of the Raacal guldance system which is
led in the d is referred to as
Model 110 guidance equipment (see Figure 22). The
terminal guldance station, the automatic relay an-
tenna system, and the auto-check system 2re Incluled
in this equipment.

The first set of Model 110 guidance system
components fabricated by Bell Aircraft was installed
by Convair in the DB-36 director airplane, serfal
No. 51-5710.

was Installed by Boeing in the DB-47 airplane, serial
No. 52-5220,

A set of Model 110 components was delivered to
Convair latc in July 1954 for installation {nthe second
DB-36, serial No. 51-5708.

The set of Model 110 components previously
scheduled for delivery to Boeing on 15 September
{or installation in the second DB-47, serial No. 5i-
5219, has been rescheduled for October 1954, Re-
scheduling will not affect the over-all program in
view of the e\tended Alr Force tem.ng of this
DB-47 in with the PPB at
Edwards AFB, Extending the test program has
precluded the possibility of this aircrait being de-
1ivered to Boeing, Wickiia, before October 1954,

J. Ground Support Equipment

1. GENERAL

A principal element of the Rascal Weapon System
is ground support equipment. This equipment is used
in the fleld for checkout, troubleshooting, minor
repairs, field agsambly, and grevad sorvicing and
handling the PPB and director aircraft.

Two distinct categories of ground support equip-
ment (GSE) are furrished by Bell Alrcraft for the
Rascal Weapon System. ‘The first includes units
primarily designed and fabricated to ».pport the R4D
{light test program. The second cntesory covers

with the format specified in MIL-T-9412, Also, the
principal design specification, Beil No. 112-947-001,
is being ravised to reflect all established changes in
concepts and design requirements.

In recent ‘weeks, & complete review of efforts
and expenditures for the RLD portion of the support
equipment program kas been conducted. This review,
almed at economizing in every possible way, has re-
sulted in the reduction in quantity of certain items of
warhead handling and nitrogen pressurization equip.
ment, An extanolvn review cf the future program was

support equipment to be used during the
empioymeént of the weapon system,

In some Instances, standard or modified standard
Alr Force equipment is also used. However, 2
relatively small number of standard items are ape
plicable, and most of these ire propellant servicing
ftems.

mrlnz this quarier, several new Alr Force speci-

ing support eq. for air weapon

systeme were recelved by Bell Alreraft. These include
MIL.T-9412, MIL-W-8411, and MIL-8-6841, as well
as a Procedurcs and Time Phasing Document for
Ground Support Equipment. The speciiications are
being reviewed for the purpose of adopiing them
wherever possible, Bell Alrcraft ispreparingsdocu=
ment for ground Aupport equipment that conforms

also d with the bjestive of keeping within

stilt CSE re-
qulrementl compatible wllh the over-all B-63 pro-
gram.

Late in August 1954, a Development Engineering
Inspection was conducted at the Wheatfield facllity,
at which time 38 items of cperational support equip-
ment were reviowed. Subsequently, action has been
taken on Change Requests for all items in Lhe manda-
tory change category, and reports have beensubmitted
to the Atr Force on several items placed in the study
category.

In addition to the usual ccaforences among AMC,
WADC, and contractor represen‘atives durlng this
quarter, Pell Alrcraft personnel visited SAC Head
qusrters, Convair, and the Dallas Corps of Engineers
1n regurd to ground support equipment,
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2. R&D GRCUND SUPFORT EQUIPMENT

a. Handling Equipment

Two additional handling 2:3 tcarriages
for the Rascal PPB were received from the American
Car & Foundry Company. This vendor has delivered
a total of five carriages, of which two (along with
some additional skids and cradles) have been shipped
to HADC. All twelve carriages under subcontract to
this vendor are scheduled for delivery by the end of
1954,

Except for certaln minor rework, all cradles,
skids, slings, and dollles required for he R&D
program are complete and in use.

The warhead loader, which will support the
R&D program at HADC, was completed in September
1954. A minor rework is required, however, and the
articte will probably not be delivered to HADC until
early in January 1355,

Also completed during this period were other
items of warhead handling and loading equipment,
such as pans, slings, and adaptors (to adapt the pan
to the H-185 container). Construction of the anti-
deflection beam, required for alignment during war-
head lcading, 1s nearly complete. Bell-designedparts
for two guidance-capsule lifts have been fabricated
and are in stock. These parts are desigred for fn-
stallation on Mark VI bomb-lift trucks, converting
them to guidance-capsule lifts.

b. Servicing Equipment

'rwo hydrautic fill-and-bleed units for servicing
gire ft were pleted and shipped to HADC
during this quarter.

Fuel and oxidizer servicing kits for No. 46 and
subsequent PPB's were also completed and are being
readlied for shipment to HADC.

¢. Director Afrcraft Checkout and Test Equipment

Fabrication of two checkout trauen lor t..e
R&D director s p:

d. XB.63 Checkout and Test Equipment

An 18-test ( g: is re-
quired to test four XB-63's per monl‘:. ‘The progress
of these installations and thelr during this
quarter is ¢ in the f g par h

The eight test positions planned for the
Wheatfield Plant and the four test positions planned
for AF Plant No. 38 have been installed and are in
full use. However, 2 maximum effort has been ex-
pended to modify existing test equipment to accom-
modate the system configurations of Model 56D mis-
siles (Nos. 30 to 35) and Model 56F missiles (Nos.
45 to 72). The R&D prototype of the XB-63 Mobile
Checkout Unit and test station Ap has been modified
to accommodate Model 56F PPB's. Also, changes to
permit testing of Model 56D PPB's have been made
in six test stations at the Wheatfield plant.

Of the six test stations planned for HADC, five
are in full uie. One of the production versions of the
XB-83 Mobile Checkout Units, originally assigned to
HADC and later transferred to Eglin AFB for use
during the climatic testing of PPB No. 18, has been
returned to the Wheatiield plant. This checkout unit
is being d and its equi, t is being mounted
on test carts. These carts will then become Station
"X" at the XB-63 hardstand at HADC. Completion
date for the carts is scheduled early in 1955,

The R&D Mobile Checkout Unit, previously used
at the Wheatfield Zacility during composite systems
tests on PPB No. 48, has been shippedto HADC where
it 15 being used to check out PPBNo. 48 during Phase
11 of the Interference Test Program.

Design work on a waveguide installation forall
guidance stations ts in progress. Thenewinstallation
will reduce coaxial line loss, thereby improving
operation of the test equipment.

To keep test equipment up to date with PPB
changes, an R&D fixed {composite development) test
station is being fabricated and installed at the
Wheatfield Plant. Completion date of the installation
has been set for Jaruary 1955,

To permit systems testing of PPB's without
rocket engines, a Power Plant Simulator was fabri.
cated for use on Model 56B PPB's (Nos. 710 29).
This has since been modified so that it

These unita will be avallable for use in lhe program
early in 1955, In the meantime, the prototype unit
which was completed in August 1954 {s undergoing
tests prior to its delivery to HADC where it will be
used and evaluated in conjunction with the PPB No.
48/DB-38/DB-47 program,

can be used on misslles of Models 56D and 56F.
These simulators provide a means for conducting
circuitry checvs when the power plant s not installed
in the XB-63. In addition, a Sequence Checkout
Assembly 1s used to perform teatz on the power
plant sequence box when the power plant is {astalled

yoraly
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in the XB-63. A mock-up of this checkout assembly
has been fabricated and {s undergoing design tests.
The first checkout equipment of this type will be
installed in test stations during the next quarter.

Eq t for checking out the electrical and
hydraullc systems ¢f PPB power piants is also being
fabricated for the RD program. This equipmant

tsts of two pr heck les and two
electrical-checkout consoles. The pressure checkont
units will be available to the R&D program in the
next quarter, and the electrical checkout units will
be available early next year.

3. OPERATIONAL GROUND SUPPCART EQUIPMENT

Bell Afrcraft's p. for fonal ground
support equipment lncludes the design and develop-
ment of contractor-furnished articies proposed for
operational usage, as well as the establishment of
requirements for standard Air Force items.

During this quarter designs were f{inalized for

the following articles:

General Purpose Sling Set

Protective Cover {for PPB)

Anti-deflection Beam

Warhead Door Par Sling

Adapter, H-185 to Warhead Pan

Warhead Hood

Relay Anteana Alignment Kit

Control Surface Locks

Power Plant Sling

Turbine Pump Stand

Sting Fiiting, Turbine Pump

Rocket Engine Pressure Regulator Analyzer

Fabrication has p: ded on other Bell-d
items, of which the f~llowing have been completed:

Radome Stands

Forward Body Stands

Warhead Door Handling Pans

t the [ ing L tion (DEI)
held in August 1954, certain deslgn changss evolved,
Although designs for the following items wers con-

sidered as final prior to the DEI, these articles are
being redesigned according to the changes requested:

Aft Body Stand

Cowling Stand

Power Plant Dolly

Checkout Trailer (Director Afrcraft)
Checkout Traller (B-63)

Design of the following items continues and re-
commendations of the DEI are being incorporated
wherever feasible:

Handling and Transport Carriage
Relay Autenna Doily
Warhead Loader

As a result of Information obtained during CTCI's
at Boeing and Convair, Bell Alrcraft undt-rtook a
major redesign of the handlingandt K
The decislon which had greatest effect upon the design
of this article was that the carriage should permit
loading the PPB on either DB-36 or DB-47 director
alrcraft without the necessity of jacking up the
airplane.

Requirements for the relay antenna dolly arebeing
reviewed at Bell Alrcraft, following changes recently
made by Boeing in the relay antenna installation.
Also, the requirements for the guidance capsule it
are being reviewed.

In addition to the items mentloned inthe prcceedlng,
design effort has don g eqn

Fuel and Oxidizer Drain Assemblies

Tool Kits (Review of Requirements)

Fuel Line Fill Unit

Bench Set (B-63)

Bench Set (Director Atrcraft)

Rocket Engine Analyzes

‘Turbine Pump Analyzer

Propellant Flushing and Drylng Equipment

The designing of the first f{ive items of the pre-
ceding list is scheduled for completion by the end of
1954; design of the last three iteme will extead into
1955, The possibility of regsirements for additional
operat! nal ground support equipment was considered
1atn in this quarter. Accordingly, design studies for
fuel and oxidizer vent adapters and a hydraultc ofl
filtering unit are tn process.

=
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Shown In Figure 23 is the Consolidated Diesel
MA-1 Mobile Power Unit, which I8 similar to the
Model 2100 unit recommended by Bell Aircraftasa
power supply for B-63 checkout and aligneient opera-
tons.

The test and evaluation model of the B-63 Checkout
Traller is shown in Figure 24,

Figure 25 portrays a mock-up of the USR portion
of the B-83 bench set. Thls equlpment was displayed
during the De 1 trz I in
August 1954,

eeiet]

M Figure 23. Mobile Power Unit Figure 25. Mock-up of USR Portion of B-63 Bench Sct “
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SECTION 1l
WEAPON SYSTEM

eI 2
W"W

EVALUATlO ﬁr w“,:vsw"

e s

A. Introduction

As Project MX-776 progresses (rom R&D to the

This section presents the progress being made in

fabrication of prototype s,
an increasing amount of final testing and evaluation
of equipment 1s undertaken. At the present time the
major effort is di d toward: (1)

testing and flight testing various elements of
the weapon system. Particular attention is directed
not only to ths "end rescit" or the miss-distance

testing* of components and subsystems, (2) flight

d at lmpact but also to the accuracy and re-
lhbmty of in and (both

testing of XB-¢3's, and (3)
director atrcraft and ground support equipment With
such a program, system deficiences can be pin-
polated so that corrective development work may be

ajrcraft and XB-63) which conlrlbute to thie
"end result.” It is axtomatic that weapon evaluation
studies become more conclusive as the testing pro-
gram progreases to the stage where final operational

undertaken concurrently with the of the
weapon system and its parts.

are tested,

B. Systems Testing

1. COMPONENT AND SUBSYSTEM TZESTING

2. General

j? ion teating** of designed for

modified units, s a vital part of the MX-776 program;
the reliability ol the Rascal weapon system l-dlrecu,,'
related to the reliability of each of its units, Con-
ventional as well as specialized environmental test

the Raacal pilotiess parasite bomber and the d
alrcraft, as well as tesiing and evaluating new or

*Qualification lemng as defined herein 1s that testing
y to d trate design ad for the
Intended uu,..

*+ Ingpection testing as defined hereln s that testing
performed to verify the continuing quality and proper
functioning of ftems being produced for delivcrable
products,

facllities such as vibration, shock, and szceleration
and t , Altitude, and humidity
chambero azry used.

b. Component Testing

Qualification testing of Rascal components and
subsyctems applicable to No. 75 and subsequent PPB's
s c1 'rently d for iate D ber 1954 or
carly January 155, Necesstry test equipment is
being prepared and will be completed by the end of
the next quarter.
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Testing of the components for the Modet 130
terminal guldance system (TGS) s proceeding. The
five subsystems composing 2 TGS are: relay and

d ), automats king relay antenna
system (ATRAS), automatic checkout system (ACS),
terminal guidance control system (TGCS), and aux-
{lary equipment. For the R&C and auxtliary equip-
ment, testing is ducted on individual P
while each of the remaining systems is tested as a
complete system.

Serial numbers applicable to the TGS are also

Inspection tests on the Model 102 Rascal guid-
ance operator tralnes (RGOT) were satisfactorily
concluded. All compcnents of this system were de-
livered as scheduled to the Service and Tralning Sec~
tion of Bell Alrcraft Corporation.

c, Test Equipment
Qualification-testing of the weapon system will
d to ! 4 of the

be p d des!
system for its intendedusage. Toperformthese tests,
voth gpecialized and clal test equip! are

appiicabie to all of the Y The
usage of each serial number follows. No.7, DB-47,
No. 10, R&D (DB-50) spare, No. 11, DB-36 spare;
Nos. 12, 13, and 14, DB-36 or DB-47 spares.

Inspection tests have been completed satis-
factorily on all auxiliary equipment for Model 110
TGS serial Nos. 7, 10, 11, 12, 13,and 14.

ATRAS inspection tests have beea completed
satisfactorily for systems Nos. 7, 11, 12, 13, and 34,
An antenna on No, 10 was returned to the vendor for
repair. Testing will resume in November.

Satisfactory inspection tests have been com-
pleted on ACS Nos. 7 and 11,  Tesis 2re still in
progress on systems Nos. 10, 12, 13, and 14,

All six TGCS (7, 10, 11, 12, 13, and 14) have
been inspection-tested and have sal fied all require-
ments.

Components for system No. 14 of the R&C will
be tested sarly in ber 1954, Aliinspection test
requirements have been satisfied on Nos. 7, 10, 11,
12, and 13.

TGS No. 101 (considered typical of sy
produced by Bell Aircraft’s manufacturing facilities)
is currently being Inapection-tested, All auxiliary
units have satisfactorily passed inspecti -test re-
quirements. This system wilt be delivered to the Air
Force during the next quarter and subsequently re-
turned for qualification tests.

During the qualification tests cnsysteni No. 101,
the TGS will be subjected to conditions encountered
during fleld use. These conditicns and requirements
are those contalned in Bell Alrcraft Speciiication

q! p d test
normally consists of: (1) 2 test panel or rack,
(2) bench and environmental test cabling, (3) environ-
mental test fixtures necessary to mount the ilem
on environmental testequipment,and (4) other mount-
ing fixtures or testing jigs as required. A typical
example of test items for use in qualification-testing
of Rascal servo components 18 shown in Figure 26.

Present planning indicates that Rascal servo,
electronic, and telemetering systems will be quall-
fication-tested on an individual component basis,
whereas the USR system and relay and coramand sye-
tem will be qualified as complete systcms. Develop-
ment of apecialized test eq: t for the qualifi
tion-testing of the aforementio stems and com-
ponents is 80 percent lete, Adetailed kd
of the status of this test equipment is presented in
Table VI

Development of qualification test equipment for
Mocdel 110 equipment in the director aireraft s also
summarized in Table VI, Existing test equipment,
built for R&D and p: 37
testing, is applicable and will beutilizedfor the initial
phase of qualification testing. ‘The test equipment now
belng designed will be utilized for the composite
director atrcraft system testing with the capsule. A
cooling system is being developed to provide neces-
sary cooling of the capsule during the tests.

During the next quarter, efforts will e directed
toward completion of fabrication of the Ras:al quali-
fication test equipment and "mating"* of the test equip-
ment with the "hardware" to be tested. Thls "mating"

ists of ting the test equip t and item
being tested to assure compatibility and proper opera-
tion prior to start of the tests.

In addition, the design will be completed for the

No. 110-947-043, Qualification Teats of the T
Guidance System, Director Alreraft, This specifica-
tion is currently being reviewed by WADC. Shielded
rooms &nd test equipment necessary to conduct noise
and interference tests on this system are avatlable
in Bell Afrcraft laboratoried.

test equip t for radio testing of the
system in accordance with MIL-1-6181B. Alao, effort
will be directed toward cevelopment of an actuator
system for ine equipment operation controls while
the equipment is undergeing hot and cold tests within
a chamber.
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1. Test Rack

Centrifuge Test Cable

3. Environmental Test

Fixture

. Roll Servo Pilot Amplifier
(to be tested)

Test Equipment Instruction
Mamual

. Pitch & Yaw Amplifier
Adapter Plate (for en-
viropmental test {ixture)

Bench and Altitude
Cliamber Test Cables

Y —
o s wp

>

Figure 26. Servo Test Setup
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TABLE V1
MISSILE TEST EQUIPMENT
ITEM TESTED TYPE OF TEST DESIGN SrATUS FABRICATION STATUS

EQUIPMENT PERCENT COMPLETED PERCENT COMPLETED

SERVO-ELECTRONIC ELECTRONIC
COMPONENTS

ENVIRONMENTAL
TEST FIXTURES

RELAY AND ELECTRONIC —
CCMMAND SYSTEM

ENVIRONMENTAL

TEST FIXTURES

USR SYSTEM ELECTYRONIC

— e ommn oy p—

ENVIRONMENTAL
TEST FIXTURES

U
TELEMETERING ELECTRONIC T/M CONFIGURATION NO.T RELEASED THIS PERIOD

F

DIRECTOR AIRCRAFT TEST EQUIPMCNT

SUB~SYSTEMS AND ELECTRONIC
COMPONENTS

== Gy ey pe=

ENVIRONMENTAL
TEST FIXTURES

COMPOSITE SYSTEM |  ELECTRONIC
ENVIRONMENTAL
TEST FIXTURES . . ) )
o 25 30

.
76 100 23 50 75 100
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2. COMPONENT CHECKING

In support of the relfability program, the following
and are reported for the

third quarter of 1954.

Investigations and follow-up were conducted to de-
termine the cause, extent, and the correctlve action
Yy to ted on

failure reports originated at Bell Atrcraft Corpora-
tion test facilities. Lialson reports were issued to
ize {indings and to indicate the
corrective action necessary.

The {following studies were conducted and the re-
sults are indicated

a) Rascal telemetering system failures were an-
alyzed to determine which fallures were repst-
ftive and constfiute critical test problems or
sericusly aifect the rel!ablllty o( the system.
These probl were
with the development group to delermlne neces-
sary corrective action, Forty-four percent of
the 569 reported failures for the perfod of 1
January 1952 to 15 August 1954 were concernsd
with {ive
gating unit, flight programmer, subcarrier os-
cillator assemblies, pressure gages, and r-f
power amplifiers. Satisfactory solutfons have
been obtained on all problems except those
affecting phasing and brush tension of the
dynamotor commutator gating unit; these are
being investigated further by the development
group.

b) The resulis of of i¢
reports concerning the abilily of systems to
withstand ervironmental conditions were an-
alyzed, These investigations have shown that
the fatlures of varicus components during ace
cep(ance leltlng of the mluue resulted from
the of on
KEL-F and SRHV-type conductors. For con-
ductors requiring heat-resistant Insulators,
KEL-F wire has been replaced with Teflon in-
sulated wire, and for conductors subjected to
high voltage and corona effects, SRHV wire
has been replaced with type 58416-R Packard
high-voltage cable.

¢ 1 tafact

y reports on
PPB Not. 0914, 1016, and 1117 were prepared.
These suraizaries reviewed tha problems that
arose during test and outlined the corrective
actlon taken. An average of 64 unsatisfactory

and corrective action was initiated prior to the
{iring date.

d) Monthly summaries of investigations were pre-
pared to draw attention to those problems which
Tozult In testing delays. As a result of such
summaries, corrective action has been signif-
icantly dited on crirical eng ing prob-
lems.

3. SYSTEMS TESTING
2. Generat

The individual electrical, electronic and hy-
draulic systems cf tt+ Rascal are tested In Bell Afr-
craft's Missile Lab Y. Thi of adjust!
and aligning the systems to conform with applicable
specifications, and "trouble shooting” to determine
causes of nonconformance,

b. Rascal Test Setup

A line setup of fixed test stations (sece BMPR
No. 35) is utilized for testing all systems of the PPB
except the propulsion system. When an XB-63 is
delivered to the Missile Laboratory, it is placed in
gervo test, Station "D, where the hydraulic system
and the servo-electrlcal system are tuted toensure
correct th This Includ the hy-
drauuc llnea, lnspectlng the system for leaks, and
g valve and under full pres-
aure. Telts on the servo-ele'irlcal system are then
in the '3 1) the power
suppuy is checked and adjusted to obtain proper
voltage ocutputs; (2) the control surfaces are aligned
and the feed-bach potentiometers are set; (3) all
amplifiers are checked for balance and gais, (4) the
search and relay antennas are pitch stabilized;
{5) the drift rate on the directional and vertical ref-
erente gyros 15 checked: and (6) the gains of the
pitch, yaw, and roll stabilizing subsystems are set.

b. Climatic Tests

Climatic teltlng of XB-63 No, 18 in the climatic
test facility at Eglin Air Force Base, Florida was
started 1 April and successfully conpleted 30 August
1954. All personnel, supplies, and support equipment
were returned to Bell Aircraft's Wheatfield Plant by
17 September 1954,

The climatic test program included 26 com-
posite systems tests in various envircnments as
shown in Table VII. The primary objective of this
series of teats was to establish environmental con=
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reports were made for each of these missiles ditions imposed on individual missile
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DURING TESTS Cel,C-2,
-4, C-7, C-i2,C*14)
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Figure 27. Temperature Test Results

when the missile as x whole was subjected to varjous
climatic environments. Sufficient data are now avail-
able and on record in Bell Alrcraft's Dynamics
Section to determine these limits. A secondary ob-
jective was to observe the effects of various climatic
conditions on performance o1 components and sys-
tems. Figures 27, 28,and 29 llustrate some of these

d ‘This objective was alao satisfied and has
been made a part of the pe.manent record of the test
program.

Temperature § a4e ded 277 ther-
mocouples installed to provide skin temperatures and
ambient temperatures of the missile and its compo-
nents, T ¢s were I ded during soak
periods, warm-up periods, and systems operation
periods for each cf the 26 teats, A massive amount of
temperature information was gathered and has been
compiled in ready reference form for the use of
interested design-development and test personnel.

Two primary temperature resw.-:s were the in-
dication of a need for heat dissipation in the sesled
and pressurized guidance components, and for low
temperature protection of hydraulic accumulators
containing dlaphragms.

Humidity and rain test resuits indicated that a
high relative-humidity environment will penetrate a

WATER CONCENSATION FROM 50

TO 100 GRAINS/POUND OF DRY AIR
L5 CYCLES | 55 CYCLES | 405 CYCLES
-

BOISCREPANCIES NOTED

EZ0I3CREPANCIES
ATTRIBUTED TO
ENVIRONMENT

~ ® 0 3

OISCREPANCIES
TR K

§_

] C-15 C-l8 c-17

}iO%F, 160 mluo’r. 100% n.n|uo’r, 0% RH

T18°F, 78% RHI78%F, 70% RH[70°F, 8% R 1)

CYCLE END UIMITS
20 MPH

WIND SPEED

20 MPH 15 MPH

Figure 28. Humidity Test Results
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up, and monitoring tests on the luburrler oscillator
{requencies are made to ascertain the acceptability of
the subcarrier {reg.cntiza as designated by theappll-
cable specification,

Figure 29. Raiafall Test Results

P
; r' = ;'::cizzv;:m?::s :ug;zgnh:ur flecting dish, which was desizned to boost the total
i m— °$§§§C‘,‘E§"S APTFLBUTED solar 10ad, is shown 1n Figure 32.
1)
. I - Although salt spray did not appear to affect the
! “,;32‘{",‘3’3,',‘;&#{;“- operation of any system at the time of exposure, the
1 corrosive effccts of this acceleraled exposure becarie
RELATIVE HUMIDITY =549 evident after a few days. The relay antenna, which
. ‘ normally moves freely, froze in position. Saltcrystal
WIND SPEED-IS MPH growth was evident around screw heads andat doubler
piate sections. No attempt wag madeatthe test site to
I 90° 10 wash down the missile after exposure.
i
80 - * On return of the missile and participating per-
708 gt g sonnel from Eglin Air Force Base, the missile was
1 ‘m‘ I M‘:”":LJNMN ‘: partially dismantled and a static display of test re-
60% . b ju m‘l"i‘:\’whm” iy T sults wag arranged. This display was viewed by
. 5054}, ““: . s “‘“ﬂ”‘ " U Fire L3 P personnel from the Atr Force and the engineeringand
‘ ] e b “‘ )u"‘1“"1:;;1:\%: L] g au.nulacturlng divis..ns of the Bell Aircraft Corpora~
i 2 on.
30%. i “P,lrx am: a°E
| | ‘*““’1‘ Ha “Wiw"“:‘xl " A final technical report of the test program is
| 20 ‘w i 1"‘3“:uu‘.:~,1‘u b_,’ being prepared and should be ready for distridution
. % ] LX) early in November,
| v )
4 ! ‘The missile instrumentation system in testedat
-10°4. 1 Station "C". Included are tests of the telometering
v system, S- and L-band beacons, and the destructor-
' -20% o1t recovery system. Preliminary telemetering checks
include tests o( lha ozlve zagu and puot mast. When
I RA{NFALL this is pleted the t 18 set

dry "buttoned.ur’* bomber in a very few hours, Con-
stant cycling ¢f {wmidity with condensation during
each cycle, resulted in the accumulation of short-
circult paths In electrical connectors. Figure 30
Indicates water damage to the P-50 umbilical plug.
The molsture.proof connectors used In the rocket
engine electrical harness were not affected.

|

Although the interfor of the missile was thor-
oughly saturated with blowing sand and dust, asshown
in Figure 31, there were no harmiul efficts on the
performance of components. This bears out the re-
sults observed with XB-63 No. 48 at Roswell, New
Mexico, which was unaffected by severe sand

T TR e e e
g
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The solar radiation tests also Indicated that the
miasile fs unaffected by that particular environment.
Although the missile was subjected to solar loads in
excess of the levels specified by MIL-E-5272A, no
harmful e/fects were noted. Skin and ambicat tem-
peratures did not exceed the temperatures experi-
ented during the high-temperature tests. The re- Figure 30. Umbilical Plug After Raicfall Test
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Figure 31. Missile Sectlon After Sand and Dust Test

The S- and L-band beacons, which are used to
track the XB-63 in flight, arc tested fn the Missile

L y to with the applicable specifica-
tion. This desch d adj ts of 1

itivity, frequency, and m
power output.

During the final flight of an XB-63, pertinent
information on the flight is obtained through the
telemetering system by the time the missile has
descended to 18,000 feet. Since the XB-63 contalns
much valuable equipment, certain sections of the
missile are blown apart in flight and recovered by
parachute. This system is called the destructor-
recovery system, ard is tested fn the Missile Labor«
atory in the following manner:

One-half-ampere fuzes areplacedintheblasting
circult whichnormally contains blasting caps. External
power is then applied to the S-band and L.band bea-
cons. When the pulee repetition irequency of the bea-
cons is changed from "track” (732 pps) to "destruct"
(854 pps), the qus must blow in 12 xa seconds to
indicate ¢ Yy op of the blasting-cap
elircuit.

The emanating guidance system of the XB-63

15 tested at Station D", The aft guidance equipment,

which is used to direct the flight of the PPB, is ad-

1umd and aligned to receive coded commands from

the polycode driver that he director aircraft

Ad: are also made on

the unmended search radar, the X-band guidance

power outpui, ard the receiver-transmitter frequen-
ctes.

Figure 32. Solar Radiation Dish Test

At the composl!e-lystems-wat station, Smlon
"A", all PPB t active p
are operated simultaneously accordingto the appl lcable
specifications.

¢. XB-6) Teating
(1) XB-63 No. 30
tests were leted fuli
on XB-63 No. 30 and thelatest modulcauonure belng
incorporated. This missile will then be shipped to
Afr Force Plant No. 38,

{2) XB-63 No. 48

Individual systems tests and a static com-
posite systems test were performed on XB-83 No.48.
The test data wese reduced and found satisfactory.
The latest moduicauons were acorporated and mis-
stle No. 48 was d to AlrD
ment Center for DB-SG/DB 47/XB-63 compatabulty
testing.

(3) XB-62's Nos. 21, 22, 24, 26, and 28

Because of recent modifications and changes
fn flight plannlng, XB-63's Nos, 21, 43, 24, 26, and 28
were returned to the Missile Laboratory for retests,
The tests were completed and XB.83 Nos. 21, 22, and
24 were transporied to Holloman Afr Development
Center and Nos. 26 and 28 are belng prepared for
shipment.

v, gy )
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4. SPECIAL TESTING PROGRAMS

-1

a. Wibration Tests

Tests were conducted in tie Mis:

to determine the over-all operation of

sile Laboratory
the varjous

systems of the XB-63 under vibratory conditions. Alt

| of the systems of the XB-63 were operated simul~
| taneously while simatated vibrations were applied in
the vertical and jongitadinal axes at frequencles

ranging from 15 to 250 cps. During the test on XB-
a

83 No. 26, a false d problem

a. General

——— —
o=

AF plant No. 38.

e e e s

stoilar configuration.

between cells E-4N and E-43.

and was corrected by replacing several parts, lnclud:
N ing the search antenna waveguide as:
vibration test on XB-63 No, 28 was successful,

sembly. The

5. TESTING AT AIR FORCE PLANT NO. 38

The MX-776 testing program at Air Force
Plant No, 38 consists of rocket engine Inspect

purposes. The englne doliy has space for instru-
mentation that will allow complete pressure checks,
electrical sequence checks, and power input cali=
brations to be made prior to the installation of the
englne 1 the test cell. After these preliminary chetks
have besn completed, the engine assembly s moved
to the test cell and fastened to the test stand where
various propeliant and pressurizing lines are mated
and electrical connections are made. Beyond this
point and prior to fnspection tests a minimum of
electrical checks remain.

¢. XB-63 Ingpection

Before PPB's that have not received a special
composite systems test under vibratory conditions
are delivered to HADC, a final Inspection test is
made ai AF Plant No. 38 This test is conducted
with all PPB systems, including the rocket enging
operating iy, After the siul com~
pletion of the test, the PPB {s returned to Bell Alr-
craft's Wheatfield Plant for final inspection and

b. Rocket Engine Inspection Testing

After safety modifications were wade on the
Aerojet turbine pumps, the successiul results of
thirty-two inspectfon teats on rocket engines during
this quarter were reflected in the acceptance of PFB
rocket engines serial Nos. 186, 17, 19, and 26 through
31, A redesigned engine control harness and @
pasumatic transitional delay system were ncorporated
In rocket engines serjal Nos, 14, 16,18,1¢, 24, 28, and
32. Because of this change, these engines were sub-
sequently subjected to vpenalty” Inapection runs.

Since increased efficlency wis obta
the use of a portable test-firing dollyand
test stand {n the quonset cell E-4N (se
page 57), test cell E-4S has teen converted toa
The portable dolly and the
standardization of the test stand for engine testing
and test equipment atlow complete interchangeabllity
The modified test
etand 18 divided nto two parts; & fixed section and
a dolly. The propeliant tanks and mantiolds of the
test stand are fabricated as 2 fixed section. The
dolly, on which the PPB englne can be m
attached to the fixed section for Inspection teating

testing and composite systems testing. During the
composite testing, all systens of the XB.63 lacluding
rocket engine are operat ed and checked
eously. Two test cells are used for engine
testing and four for composite testing.

qualification testing, suchas attitude-tower testing a8
shown {n BMPR-37, page 58, is also conducted at

stmultan-
inspection
Additional

ined through
the moditied
¢ BMPR-37,

ounted, i3

P and then delivered to HADC for flight tests.

Flight tests at HADC have brought out the
necessity for making chenges In some of the compo~
nent systems of the PPB, The following are some of
the modifications which were made on PPB's at AF
Plant No. 38:

1) Testing on the servo system of PPB No. 20
revesled that a series of changes should be
made to eliminate servo-electrical nolse.
These changes were subsequently Incor-
porated in ail o the remaining Model B
missiles (PPB's Nos. 7 through 29). PPD
No. 20 was returned to the Wheatfield Plant,
where modifications to this misslle could be
made more readily. After PPB's Nos. 21,
22, and 24 were modified, retesting was cons-
pleted during June and July 1954. These
bombers were subsequently sent to HADC
for flight teating.

2) Becauss of the trouble with the power plants
on XB-63's Nos, 16 and 17 during flight (see
Section C, Flight Testing), XB-63 No, 21
was returned to Alr Force Plant No, 38
whera tests were conducted to determine
the cause of power plant malfunctioning.
Actual flight conditions were simulated as
nearly as possible, and the XB-63 was pre=-
pared for firing. All comiing was installed
and & moans was devised for simulating the
separation of the umbilical plug and Isnyard
trom the missile after the rocket engines
were fired. On the f{irst a‘tempt, & minor
explosica in theengine compaﬂmentdamaged
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the aft cowl. Investigation revealed that a
leak had occurred at the joint of the external
exhaust duct to the missile; hence, coabusti-
ble exhzust gases from the turbine had ace
curaulated inside the aft cowl. The minor
damage caused was repaired fmmediately.
During the gub ¢ refiring, no malf
tion of the engine occurred as the umbilica)
plug and lanyard ceparated from the missile
and the rockets continued to fire satis-
factorily.

Following thia test, electrical modifications
werd made to convert the XB-63 from 2

“z¢ro-rail launch" to 2 "free-drop launch”
configuration, This conugurauon was
ground-fired on 16

1954, The engine assembly was thencleaned
and relnstalled and cn 22 September 1954
the XB-63 was returned to HADC. Following
successful test on the drop-type electrical
conflguration for the power plant on XB-63
No. 21, XB-63's Nos. 23, 25, and 27 were
equipped with the same system. Retesting
and composite gysiems testing on these
XB-63's are proceeding satisfactorily.

C. Flight Testing

1. GENERAL

Bell Afrcraft’s fiight testing activities for the
Rascal weapon systers are held at HADC. Flight
tests are conducted on & step-prozram baalu, pro-
gressing from the P
to the final config of an operat!| head-
carrylng weapon.

PPB Nos. 21, 22, 24, and 48 were delivered to
HADC on 28July, 4 August, 27 August, and 8 September
1954 respectively, PPB No. 21 was returned to Bell
Afrcraft/Wheatfleld Plant for modification and addl~
tional ground firing, after which it was delivered to
HADC on 17 August 1954 for continuation of its
testing.

Eleven captive flights were conducted on XB-63's;
two with No. 1016, one with No. 1117, three with No.
19, thres with No. 21, one with No. 22, and one with
No. 24.

Rascay PPB No. 1016 was launched at HADC on
27 July 1954, Rasca) PPB No. 1117 was launched on
9 August 1954,

2. XB-63 TESTING AT HADC

a. XB-63 No. 1018

Work priortothls quarter including incorporated
modifications and the first captive fliyht of this mis.
sl are discussed {n BMPR-37, pp. 61, 62,

After receipt of a powsr plant on 8 July 1954,
the aecond nd :Mrd captive flights of PPB No. 1016
were made on 15 and 16 July 1954, respectively, The

second captive flight was halted, after approximately
one-quaiter of \he countdown was complete, owingto
an oll leak which developed in the No. 2 engine of the
B-50.

The third captive flight proceeded satiafactorily
until the 30,000-foot dry run wherealeakdeveloped in
the USR pressure system. The leak caused sufficfent
electrical damage tomake the USR system Inoperative,
The aircraft descended to 10,000 feet and completed
the test. At this altitude the USR system was atill
inoperative; however, all other bomber systems were
operative. An investigation revealed that the 18«inch
flex guide connected to the USR antenna was broken
and had caused severe damage tothe modulator and
recefver units, ing their re-
placement,

¢ final preparations were made, PPB No.
1016  .s launched at HADC on 27 July 1954. The
main purposss o7 this test were to check the servo/
airframe response characteristics (three-axis stabil-
{zation and relay and search antenna), the tank expul«
slon and low-preseure power plant systems, and thy
pressure-sensing portion of the warhead's fuzing sys-
tem.  Sad nr'hry objectlvcl oI this filght test were to
test tho op the { and to
obtala aerodynamlc zero- un drag data Inthe super-
sonic Mach number range,

Prelaunch checks of the missile's systems were
pleted satiafactorlly, here bet 1.64
and 1.67 seconds after rocket fire, the power piant
shut down, This early shutdown made it Impossible
to check any of the test objectives, A careful ingpec.
tion of the recovered engine assemetly, and applicable
telemetering records, failed to reveal a specific
reason for the power Llant malfuaction.
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b. XB+63 No 1117

‘This missile was celivered to HADC minus a
power plant on 4 June 1934; the power plant was de=
lvered 26 July 1954. Th!s time interval was ad-
vantageously used for the incorperaticn of field ser-
vice kits and E O.'s (englneiring orders concerning
modifications, etc.).

The 30 July 1954 captive flight was moderately
successful. Telemeterlng records, however, veri-
¢

{ied the of false ds and
2140 revealed improper operatl ~ of some power plant
False and USR malfunctions

were traced to 2 substandard magnetron a the relay
transmitter and to osclllations in the preamplifier
unit of the USR's
The missile was considered ready for fight aner
these and the power plant dlscrepancies were cor-
rected.

Rascal XB-63 No. 1117 was launched at HADC
on 9 August 1954, The primary objectives of this
flight were t~ test the cperation of the servopilot
systenms, propellant expulslon system, and pressure
senaing portion of the fuzing system. The servopilot
system test was to Include three-axis stabilization
with programmed climbs, servopilot/airframe re-
sponse during terminal guldance commands, and
relay and sexrch antenna stabiiization.

Secondary purposes for the PPB No. 1117
launching were to test the operation of the “dual
P relay 4 L} system, open~
loop guidance system operation prior to terminal
dive initiation, USR system operation with vileo
presentation prior 4o lauach, and missilc operation
during the terminal dive while guidance controlled
{rom the terminal guidance azimuth and dive control
stations.

Prelaunch checks of the weapon system were
satisfactory. The missile was fired and between
1.61 and 1.67 seconds aftes rocket fire the power plant
shut dowr, thereby making it irapossible to check any
of the bomber's test objectives. The recoveryopera-
tion was normal; however, tho point of impact of the
forward and alt sections was virtually inacs.ssible,
This has delayed the postiiring analysis .n the re-
covered unlts.

¢, XB-63 No. 19

Subsequent to the delivery of PPB No. 19 on 23
June 1954 and prior to the delivery of its power plant
on 29 July 1954, mandatory swevice kits and EO.'s
were Incorporated, Tre first captive flight was
flown on 8 August 195.. Telemetering and beacon

operations were satisfactory. Power plant operation
was also satisfactory throughout the erilre captive
mght,

Discr in other sy were corrected
and the second captive flight for PPB No. 19 was
launched on 17 August 1954. During this flight the
USR, command, telemstering, and beacon systems
atl operated satisfactorily.

A modifi>d power plant (drop-launch configura-
tion, see K, B-2a) was received on 17 September
1954 and the third captive flight for PPB No. 19 took
place on 22 September 1954, Bomber operation on
this flight was nuntactory. Only slight difficulties
were d with the & system
and 2 microphonic tube in the roll system,

Hot firing preflights are now under way and a
1 inching is scheduled during October.

d. XB.63 No 21

On 28 July 1954, PPB Nc. 21 was delivered to
HADC. Because all servicekitahadbeen incorporated
and testing had been completed prior to its delivery,
the missile was scheduled for a captive flight on &
August 1954,

€ d system
during the flight, Difficulties enco..nlere'l with other
systems were immediately corrected,

During the second captive flight, held 13 Avgust
1954, the command, L-band beacon, and S-vand
beacon syst. tion was idered good.

Before completing the repairs necessitated by
the discrepancies evidenced on the second captive
flight, PPB No. 21 was returned to Bell Alrcralt/
Wheat{ield for additional power nant tests Locause
of diffisvities experienced with Now. 16 and17.

‘The bomber was delivored again to HADC with
2 drog-taunch configuration and the third captive flight
was held on 28 September 1954. The power plant
operated satisfactorily and the only provlems en
countered were the nolse in yaw surfaces und the
fallure of a high voltage dynamotor Inthe telemetering
aystem,

At present,preparations for the hot tiring sche~
duled early in October are being ade.

e. XB.63 No 22

Rascal PPE No. 22 was dellvered to HADC on
4 August 1954, Following the recelving and umbilical

s e
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plug resistance checks and the installation of a power
plant, tne firat captive flight waa made on 20 August
1954,

PPB operations on this first captive {light were
considered to be very good. The performance of this
bomber fadicated that it was ready for firing. How-
ever, the PPB was placed on a standby basis owing to
the malfunctions experienced on PPB Nos, 16 and 17,

{. XB-63 No 24,

Om 27 August 1954, PPB No. 24 was delivered
to HADC. On 9 &eptember 1954, after preliminary
inspection was completed, captive flight No. 1 was
cor ducted.

The primary purpose for conducting this flight
ncluded a chcck on the weapoa system ::'.::luslve of
the powerplant. Of of the y
L-band beacon, USR/ d se

, and g 8y was satisf; Y.
Minor troubles were d with the di
aircraft’'s guidance equipment.

3. SPECIAL EVALUATION PROCRAM

A program is being conducted to establish compat~
ability between Model S6F misslles and the DB-36
and DB-47 director aircraft prior to the flight test
srogram. One each of both types of director atreraft
was delivered to HADC. PPB No. 48 was also de-
lvered to HADC and will be used in this "mating”
pregram,

Director alrcraft work consisted primarily of
the incorporation of service kits and i{nstrumentation
clrcultry into the guldance equipment.

of minor ¢ch and a functional
check o! all PPB equipment has also been completed,
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APPENDIX
Trip Reports

1. VISITS AND SUBJECTS DISCUSSED

Discussions held at Gabriel Electronicsand Kaydon
Engineering covered ths rework, testyand assembly
of search antenna besrings. Manufacturing and test
procedures were established for future Kaydon

A conference with WADC personnel reviewed test
equipment required for MX-776 program, and sought
o establish technical justification for these items.

Several meetings were held with WADC personnel
to determine certain performance requirements to be
met by Aerofet turbine pumps in passing acceptance

At Boeing Alrplane Co., Wichita, Kansas, Rascal
Progreas Report Film No. 3 was shown, serving to
familiarize approximately 70 Boeing staff and en-
gineering personnel with the B-83 weapon system.

The proposed "Manufacturer-to-Target Sequence”
was presented to WCSG personnel duringa conference
at WADC, It was agreed that the subject was covered
in num‘clont detall, WADC suggesied that the title be

h T Operational - B-€3

Orpuatsation Vistted Date Topues Discuseed
Bell Asreratt % Restas cod glas ¢loth for
i

WADC, ONo 7. Support equipmaat operational
soquence

Gadelal Tlectrosica UYBe1W Revorked autenns beezing

Division utlaion

Norwood, Mass

Bell Alreratt 132 0/14 Test equipment for MX-T74
program

Kaydon Egiasering /13144 Bearing mandacture and

Corp toat groceture

MosXegos, Mick,

WADC, Otie /3t Terbas pusp senis

Bostag Alrplase Co, 7 Weapon system Samillarisetion tests.

Wichita, Kaneas for Boeing perscwiet

WALC, Ohle /342137 Preseswetion of “Mamdacturere
to-Target Joquonce™

AMC, Ohje 7 ANC proposed holdorder 102
08T missiles

WADC, Oale. ne Weepoas e7stem speciications

WADC, ONe "y Rellatdlity zeports.

WADC, Chle “y% Turblae pump seals

ARDC, Ohio Ly Asti-raday mlssile cost program

WADC/ARG, €8 M Mool 110 Development Taglaeers
1ag Laspection reports

Belt Atrerant " Goodyear subcostract

WADC, Otle o/ XLR-47-BA-§ FUsM Apprend
Toot Program

2. SUMMARY OF TRIP REPORTS

In connection with the cholce of & resin ‘or use in
XB-83 ts, Bakelite poly and phenol!
resins were discussed, as well as Owens-Corning
glass cloth {inishes,

A verbal presentation was made at WADC of an
operationzl sequence and plan for Raz-~' support
equipment using an Objective Il Weapon L stom se-
quence chart and support equipment brochure. It
was requested that a complets text be prepared to

y the op 1 sequ chart, and thet
all data relative to support equipment be provided,
lete brochure is scheduledfor del

A comp! delivery
six weeks, A review of the status of oparational
support equipmeni currendy wider contract was aleo

Weapon System - Objective II," and that the sequence
be formally presented to SAC. Packaging and trans.
portation recommendations were also given to WADC,
These d were well ived, and are
being transmitted to SAZ for approval.

In & conference at AMC, Bell Alrcraft was advised
that, instead of placing & hold order on 32 O6T
Rascal missiles, a contract change will be made
directing revision of the existing delivery schedule,

At & WADC conference, material to be included in
the Weapon System specificaticn was discussed.

Discusgions held at WADC covered quarterly re-
Mability reports, data processing for fatlure reports,
and & WADC-requested traintag program. Inaddition,
coples of rellabllity reports fwsued by other con-
tractors were obtalned.

D1 {ons 8% ARDC were concerned withtheanti-

made. It was decided to conduct a D
engineering inspection of support eqt t, and 14
September was set as a tentative dote.

radistion program, and with anti-radar missile cczt
information, In particular.
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As a result of DEI board reports issued in May,
1954, Bell Aircraft submitted engincering reports
recommending further actlon, and discussed these
reports with Rascal project staff and engineering
personnel at WADC,

Goodyear Alrcraft personnel provided data re-
quired to write the X8-63 Plastic Materials Study

the program to permit complction within the vesired
six-raonth period.

‘The fiight approval test program of the Xi R-6%-
BA-5 ¢ngine was discussed at WADZT, and agr ¢ment
was reached concerning certain electrical canges
to be made. In addition, the completedflight af rroval
tests of the -1 engine were approved, and the speci-

subcontract. Cortain tests were eliminated {rom {ication for the -9 engine was discussed. | ‘
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l Distribution of this report has been raade to paris A ”
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and B, and Abstracts to Part C, of the U 8. R&D Board
Guided Missile Technical Information Distribution
List No. 5, MML 200/5, dated 1 June 1954,
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DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AERONAUTICAL SYSTEMS CENTER (AFMC)
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

29 Dec 09

88 CS/SCOKIF (FOIA)
3810 Communications Blvd
Wright-Patterson AFB OH 45433-7802

Defense Technical Information Center
Attn: Ms. Kelly Akers (DTIC-R)

8725 John J. Kingman Rd, Suite 0944
Ft Belvoir VA 22060-6218

Dear Ms. Akers

This concerns the‘following Technical Report:

Technical Report number: AD046714

Technical Report Title: Project MX-776

Technical Report Date: 30 Sep 1954

Previous classification/distribution code: UNCLAS

Subsequent to WPAFB FOIA Control Number 2009-03586, ‘the above record has
been cleared for public release.

The review was performed by the following Air Force organization: AFRL/RB and
88 ABW/IPL

Therefore, the above record is now fully releasable to the public. Please let my point
of contact know when the record is available to the public. Email:
darrin.booher@wpafb.af.mil If you have any questions, my point of contact is Darrin
Booher, phone DSN 787-2719.

Sincerely,

S A R
‘“Z Lic, /’,/ (///7 é///
KAREN COOK
Freedom of Information Act Manager
Base Information Management Section
Knowledge Operations

3 Attachments

1. FOIA Request # 2009-003586

2. Citation & Cover sheets of Technical Report #AD046714
3. Copy of AFMC Form 559



